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PREFACE 


The last two years were really an eventful period to the Japanese coastal engineers 
owing to the tremendous disasters caused by storm surges and also by a tsunami. 
In 1959 the Ise-Bay Typhoon marked the record-setting storm surge in the Ise-Bay 
area taking heavy toll of human lives and properties and causing heavy destruction 
of coastal structures. In 1960 the earthquake in Chile sent a series of big tsunami 
waves which crossed the Pacific Ocean in only a day and hit the Pacific Coast of 
Japan. Unpredicted damages were inflicted on Hokkaido and Sanriku (northeastern 
coast ). 

On the other hand the Seventh International Conference on Coastal Engineering 
was held in the Netherlands in August, 1960. Through this conference the ex- 
change of our knowledge on coastal engineering has been promoted in the world- 
wide scale. It is our great pleasure to see that the coastal engineering practices in 
Japan have taken a large stride in the mean time, and that publication of the 
“Coastal Engineering in Japan” has also contributed to this end. 

The present issue, Vol. 3, contains the papers published between 1958 and 1960 
in Japan. 

December, 1960 


Masashi Hom-ma 

Chairman 

Committee on Coastal Engineering 
Japan Society of Civil Engineers 


Tokyo, Japan 
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STUDIES ON METEOROLOGICAL TIDES AT THE 
MOUTH OF THE TONE RIVER 


Tsutomu Kishi*, Dr. 
Masateru Tominaga** 
Ichiro Oeda*** 


I. INTRODUCTION 


In determining the level of a design high water along a river course, it is generally required 
to give a boundary value at the mouth. While we often find the lack of record of the water 
level at the mouth of the river for such a long period of time as to be sufficient to carry 
out the frequency analysis. On the contrary, the meteorological data observed for a com- 
paratively long period are usually available in this country. 

In this paper, the authors investigate the relations of meteorological tides together with 
wind velocity and depression of atmospheric pressure at the mouth of the TONE RIVER. 
The results show that the possibility of occurrence of abnormally high meteorological tides 
may be estimated from the weather data. As the result, the authors present the figure 


showing the relation between the magnitude of meteorological tide and its return period. 
i. ERPFECTS-OF WIND: VELOCITY ON METEOROLOGICAL? TIDE 
At the mouth of the TONE RIVER a long sandy beach runs from NW to SE, and the 


NE component of wind would make an important role to cause a meteorological tide. In Fig. 1 
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* Dr. Eng., Assistant professor of Hydraulics, Hokkaido University 
** BPesearch Member, Public Works Research Institute, Ministry of Construction. 
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the correlations between meteorological tide (actual tide — estimated astoronomical tide) and NE 
component of wind velocity are shown for the periods of several examples of typhoon. In 
the above figure, ordinate indicates a value of meteorological tide minus 0.97 4p. The value: 
of 0.97 4p means the meteorological tide caused by the static depression of atmospheric pres- 
sure of 4p mb. It may be seen from the figure that NE component of wind directly 


relates with the meteorological tide. 


Ill. EMPIRICAL EXPRESSION .OF.,. METEOROLOGICAL TIDE BY 
WIND VELOCITY AND DEPRESSION OF ATMOSPHERIC 
PRESSURE 


As stated in the preceding article, the meteorological tide at the mouth of the TONE RIVER 
is considered to relate both wind velocity and atmospheric pressure. By using the records 
of meteorological tides measured for six typhoons during 1947~1952, the relation of meteoro- 
logical tide with wind velocity and depression of atmospheric pressure is examined, and the 
results are shown in Fig. 2. In this figure the curves showing equal meteorological tide are 
drawn. In spite of the fact that an instantaneous value of meteorological tide is substantially 
an unsteady process, an approximate evaluation of instantaneous value of tide seems to be 


possible by using the curves drawn in Fig. 2. 
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IV. WIND VELOCITY DURING A PERIOD OF TYPHOON 


As being shown in Fig. 2, a meteorological tide relates with wind velocity and depression 
of atmospheric pressure. The authors intend to study a method of computation of the 


probability of occurrence of abnormally high meteorological tides from the weather data. In 
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such procedure it is very troublesome to prepare a complete data of wind velocity and atmos- 
pheric pressure for a long period of time. When a correlation is found between wind 
velocity and depression of pressure such a trouble would be considerably reduced. Thus, 
the authors compared the recorded wind velocity with the geostrophic wind velocity. 


Geostrophic wind velocity is given by the following expression, 


V,= 5 Gh + (Rein 9)? |!" Rein g, BORE, i SPE | Gin 
Le a7 
where V,=geostrophic wind volocity 


R=radius of curvature of stream line of wind 
o=density of air 

0 p/dr=gradient of atmospheric pressure 
o=angle velocity of rotation of the earth 


g=latitude of the place under consideration 
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The figure 3 shows the relation between observed wind velocity and the calculated values 
of Vin 

From this figure, recorded wind velocity on the average is found to be expressed by a simple 
relation of V+;0.59 V,. 

As the next step, the authors investigated the correlation between wind velocity and atmos- 
pheric pressure. The results are shown in Fig. 4. The curves which give the relations 
between them build up different loop for each typhoon. This fact shows that the wind 
velocity in a typhoon is hardly described only by the depression of pressure. The course of 
typhoon and the distance from the center of typhoon have to be considered as the controlling 


factors. The authors gave three representative curves for the relations -between wind ve- 
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locity and depression of pressure. They are shown in Fig. 4 by chain line, full line and 
broken line. Introducing these three curvesin to Fig. 2, one obtains the curves which express 
the meteorological tide only by the depression of pressure as shown in Fig. 5. The data 
obtained at Kathleen typhoon and Ruby typhoon are plotted in the figure. Although these 
approximate relatione are considered to give a little larger value of meteorological tide near 
the peak, they seem to agree as a whole fairly well with the measured tidal records. The 
full line in Fig. 5 expresses the equation 
ys EV 3) eal 3 ere ty errmee meermren aepyere (oh C25) 
where H=meteorological tide in meter 


P=depression of atmospheric pressure in mb. 


V.. STATISTICAL CONSIDERATION OF METEOROLOGICAL TIDE 


As is stated above, the meteorological tide at the mouth of the TONE RIVER caused by 
typhoon can be expressed only by the depression of atmospheric pressure. Therefore the 
statistical treatment of pressure data gives us the knowledge about the statistical frequency 
of meteorological tide. 

Almost all of the typhoons which had landed on or passed near this country changed their 
route from North-west to North-east at about N.L. 30° and thereafter they scarecely developed. 
The lowest pressure of any typhoon, therefore, is observed on the ocean. Some examples are 
shown in Table 1. As the mouth of the TONE RIVER is situated in N.L. 35°, pressures 
observed at the mouth are somewhat higher than the lowest pressure observed on the 
ocean. 

The frequency of occurernce of respective value of atmospheric pressuee was investigated 
on the line of N.L. 35° by the records of 335 typhoons observed during 1868~1951 and the 
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Table-1 


Date 


40 


Lowest pressure 


Mar. 19~23, 1934 
Sept. 13~22, 1934 
Aug. 21~Sept. 2, 1935 
Sept. 1~12, 1935 
Sept. 16~27, 1935 
Sept. 24~QOct 6, 1936 
Sept. 2~12, 1937 
Aug. 4~9, 1939 

Aug. 20~Sept. 3, 1939 
Jul. 3~16, 1940 

Aug. 26~27, 1940 


939 (mb) 
907 muroto 
957 

957 

953 

933 

947 

957 

933 

931 

947 


Nov. 1~12, 1940 
Aug. 21~29, 1942 
Sept. 19~23, 1942 


Sept. 26~Oct. 5, 1943 
Jul. 28~Aug. 6, 1944 


Oct. 4~10, 1944 
Sept. 11~18, 1945 
Aug. 10~21. 1946 
Sept. 16, 1948 
Aug. 31, 1949 


947 
907 
907 Makurazaki 
950 
945 
957 
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results are shown in Fig. 6. As the range of observation extends from Long. 129°E to Long. 
146° E, curves showing the frequency distribution for four ranges of longitudes are included. 
According to the figure, the frequency distribution curves of pressure seems to be identical. 
Piearson’s distribution function type-II would fit these frequency distribution. Mode of the 
distribution is 990 mb. The distribution function calculated from the curve in Fig. 6 is given 
av eae fe 

When the distribution function and the average number of typhoons pass through the 
part under consideration in a year are given, one can calculate the return periods for any 
atmospheric pressure. The curves showing the relation of atmospheric pressure to its return 
period are included in Fig. 7. For example, when the whole range of longitude is consi- 
dered, the return period of the pressure of 950 mb. is 3.6 years. | While the return period of 
the same value of pressure is 24.5 years when the narrow range of longitude — from Long. 
139°E to Long. 142°E — is considered. Return period may be calculated by the relation 

T =1/(Probability) x (Average number of typhoons pass 
through the part, under consideration, /-:tr+etttreeee ey 
in a year) 
Such a calculation is not adequate when the average number of typhoons shows a considerable 
variance or have a periodic character. The average number of typhoons pass through the 
line of N.L. 35° in a year is given in Fig. 8. 
The relation between the pressure and its return periods calculated by the data observed at 

the mouth of the TONE RIVER is shown in Fig. 9. Comparing Fig. 7 with Fig. 9, one 
can easily find the interesting feature that the return period of any value of pressure varies 


with the range of longitude under consideration. 
Combining the relations shown in Fig. 7 and Fig. 9 with the relations shown in Fig. 5 or 
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equation (2), one obtains the relation of meteorological tides with its return periods. For 
example, the case when the relation shown in Fig. 9 and equation (2) were combined and 
the case when the curve showing the most narrow range in Fig. 7—from Long. 139°E to 
Long. 142°E — and equation (2) were combined are shown in Fig. 10. The average pressure 


required in these calculation was assumed to be 1010 mb. 


ON THE SIMILITUDE OF HYDRAULIC MODELS 
INVOLVING TIDAL MOTION 


Shéitiraé Hayami* 
Haruo Higuchi** 
Kozo H. Yoshida*** 


SYNOPSIS 


Conditions of dynamical similitude in the mean motion between a prototype which involves. 

tidal motion and its model are given by 
drag coefficient ratio : Gi Gaia /'2 
and Froude number condition : 7’?@/a@?=1 
where 1/c, 1/8 and 1/7 are horizontal,vertical and time scales, respectively, of the model with 
respect to its prototype, C is the drag coefficient, where subscripts 1 and 2 mean the prototype 
and the model, respectively. Since these conditions contain four unknowns C,/C,, a, «/8, 
and 7, at least one more condition is required to determine the scale values of the model which 
is dynamically similar to the prototype. In order to derive the required condition, a field obser- 
vation of tidal current was made in Hiroshima Bay as a prototype while a series of hydraulic 
model experiments were carried out for this prototype for conditions with @=500, @/@=8,4 and 
2, and 7 satisfying the Froude number condition. The comparison and analysis of the field 
observations and the model experiments show that (i) a very good similitude is observed for 
the case @/f=2; (Gi) Blasius’ formula of drag coefficient is obtained for a tidal current in the 
model, if Reynolds number is constructed with the maximum tidal current velocity and tidal 
current velocity and tidal excursion; (iti) a relation between Reynolds number of the prototype: 
(Re,) and that of the model (Re,) such as 
Re,=Re,/(@V/ B ) 

which is theoretically derived for the dynamically similar prototype and model, is experimen- 


tally justified. Putting Re, given above into Blasius’ formula for the model, the required con- 


dition is obtained as 


(ore eit as 


With this condition, the drag coefficient condition is reduced to 
C, Ja Re, /1.328=8°/' 
which enables us, with the Froude number condition, to determine the vertical scale 1/8 and 


the time scale 1/y of the model for a given horizontal scale & of the model. 


INTRODUCTION 


The fishery population in Japan is about two millions, most of them engaged in shallow-sea 
fishery. Such shallow-sea fishery is carried out only near the coast in very small scale. 
The length of coast per head of fisher men in our country is only 12 m, while the total length 
of coast is about 2.5x10‘km; therefore the higher standard of living is hopeless unless the 


productivity in shallow-water fishery is increased remarkably. 


It is the current opinion of the world that the territory of a country covers the whole con- 


* Geophysical Institute, Kyoto University. 
*k and *** Disaster Prevention Research Institute, Kyoto University. 
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tinental shelf and the shelf sea surrounding it. This opinion is based on a new point of 
view toward the territory such that the continental shelf is a part of continent and the shelf 
sea is under the influence of the land. 

While the productivity is small in the deep-sea, it is very large in the shallow-sea as is well 
known. This is due mainly to the influence of land, and this influence is exerted upon coastal 
water beyond the coast. Hence, if we could place the sea near the coast under our control, 
we would also be able to control the productivity there. 

Today, the development of a country is carried out as if the land is a principal theater, 
and the shallow-sea used to be treated as another world. However both worlds constitute 
essentially a single system, so that the development must be carried out synthetically. In 
order to realize this ideal we must understand what a change will take place in the shallow- 
sea by controlling the coast. 

The concentration of physical quantities in the sea is governed by the parabolic differential 
equation derived from the law of conservation. To solve such a equation, the boundary 
conditions are required, which consist of the conditions at the coast, the surface, and the bottom. 
The condition which is controlled by the coastal construction is chiefly one at the coast. 

The most important physical quantities related with the productivity are the materials con- 
tained in the sea water and the momentum of water. Some part of the materials, which is 
supplied from the land and the sea near the coast, are used to make living bodies and some 
part as the energy source for maintaining life. The momentum is important as the carrier of 
the materials in the water, and the most important one in the shallow-sea is tidal current. 
The current is directly influence by coastal construction, and the influence upon the distribu- 
tion of materials takes place secondarily through the current. In this sense, the direct object 
of controlling the sea by coastal construction should be the current. Among others, the tidal 
current and the currents of various accompanying oscillations are most important as the carrier 
of the materials, and their effects are considered to consist in a sort of diffusion of large scale. 
However, it is not easy to imagine how these currents will be changed by coastal con- 
structions. There are two ways to investigate the change of a tidal current by coastal con- 
structions; the one is numerical integration of the differential equation, the other is a hydra- 


ulic model experiment. This very latter is the subject of the present study. 


I. THEORETICAL CONSIDERATION ON SIMILITUDE 


The most important problem in hydraulic models is of dynamical similitude. Since it is 
theoretically impossible to simulate prototype and model in every detail, we use the term 
“similitude” in the sense that some particular relationships hold between prototype and model. 
Only in such case a hydralic model experiment has meaning. In the present study where the 
change of tidal current by coastal construction is the main concern, we assume similitude in 
vertically mean motion as follows. 

As the tidal current is dominant in the horizontal direction the vertical velocity may be 
neglected. Hence, if the mean velocities in horizontal directions are shown by U;(j=1, 2), 
the equation of U; is given by 

aU; 
Tees =f 


OU Veale at tees 
ae} og Ui a ss ay CH 


t ? 


ys 


where ¢ and x; (i=1, 2) are coordinates for time and space respectively, and the subscripts 


1 and 2 refer to horizontal direction, and subscript 3 vertical, ¢ is the displacement of water 
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surface in the vertical direction, g is the accerelation of gravity, H is water depth, and S is 
the coefficient nearly equal to unity, decided by vertical distribution of velocity. In shal- 
low water where the tidal current is dominant, we can neglect the force due to density dis- 
tribution because it will be smaller than any other term of equation (1). Coriolis’ force 
and wind stress are also neglected. 

If the magnitudes for prototype and model are shown by subscripts 1 and 2 respectively, 


and the relationship between prototype and model by 


(Bead bin (Ge CH Gon.) GE )a= ee Np nialave ler feie eyNeietatecsvarersi es eiais sis, s\eiereteye C2» 
where a, 8, and 7 are scale constants, we obtain by substituting from (2) into (1) 
aCU;). acu;), a TI BOS 
es Of, pe AR Be oe snd onic; door 
ot, 25(Ui): 0(2;), : BH, SDE a O;), ? 
Assuming s,=s,, we get from (1) and (3) the conditions of dynamical similitude as follows. 
a 
: C,= z "hg: SO SE CRE (4) 
noe 
a Thin, ceddeetnds cet ae Sa oe Aes rennin. Miner sie (5) 


Equation (5) provides the relation between the time and space scales. It is nothing but 
the Froude number condition. Equation (4) provides the drag coefficient condition. The 
equation of continuity is not influenced because of uniformity of density. 

If the ratio of C, to C, is known, and one of @, # and 7 is given, the others are deter- 
mined by equations (4) and (5). Supposing, while C, corresponds to the drag coefficient 
for a turbulent flow, C, corresponds usually to that for laminar, we may infer C,/C,=2~3. 
However, we do not know the actual value of this ratio for the case of tidal current. When 
the ratio is not given, @, & and 7 are not determined by equations (4) and (5). In order 
to obtain the value of this ratio, a series of experiments have been carried out. Since; is 
given by equation (5) for given a@ and a/f, we have tried to find out the best value of a/f 
by comparing the results of model experiments with prototype for various values of «/f for 
given @. 

The assumption mentioned above is that, when equations (4) and (5) are satisfied, the 
similitude between prototype and model holds with respect to vertical velocity. It will 


be interesting and also important to know how far this assumption is satisfied. 


Il. MODEL EXPERIMENT AND FIELD OBSERVATION 


The hydraulic model experiments were carried out by using the experimental facility 
designed for an estuarine model experiment at Hydraulics Laboratory of Disaster Prevention Re- 
search Institute, Kyoto University. As shown in Fig. 1, the equipment consists of a water 
basin, a river channel, a pneumatic tide generator, and a control room. The basin is built of 
concrete and is 20m in width alng the coast, 15m to the offing and 0.5mindepth. The 
pneumatic tide generator which is also made of concrete, is 20m in length, 2m in width, 
and 2m in height, and the water communicates through the gap beneath the front wall. 
When the pressure in the air chamber is decreased by sucking the air with a blower in the 
control room, the water level in the chamber rises, while, when the air flows into the chamber, 
the level falls, and the water in the chamber flows out into the basin. Controlling the 
volume of air flowing into the chamber by automatic controller, and desired range of tide can 


be generated. The bottom topography of sea and estuary was formed by sand. The ve- 
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Fig. 1 Experimenta! facilities Fig. 2 Prototype 


locity of flow in the model was within the laminar region, and the bottom material did not 
nove at all. 

A part of Hiroshima Bay was chosen as prototype. The region involved in the model is 
rather large as shown in Fig. 2. The reason why this region was chosen is that since 
Inland Sea Fisheries Research Institute had previously investigated this region in detail, it 
was thought convenient to obtain the data for protype. Moreover a training jetty of 1.5 km 
long was being planned at the right bank of Fukushima River which empties into this sea 
region so also was interesting to see what change of state of sea may take place in future by 
this construction. As to the prototype a field observation was carried out. | Many observing 
stations were set there and the flow velocities at the depth of 50cm below the sea surface 
were measured. The measurements were executed during the most intense currents both at 
flood and ebb. The flow velocities were measured by float because the velocity is small 
changing rapidly in both magnitude and direction. The velocity was read by the length of 
a thread connected with the float and the direction by the compass. 

The model was built according to this prototype. The horizontal scale is 1/500, icc. a= 
500. The width of the basin is 20m so that it contains the coast of 10km. Over the 


model many white threads were rigged to form reference coordinates and a net work of a 


Fig. 3 Floats used for the current measurements in the model. 
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number of 1 square m covered the whole surface. The velocity and line of flow at each 
point were measured by photographing every minute many floats, whose specific gravity was 
about 1, from the top of a tower 3m high. (Fig. 3). The water levels at 5 points shown 
in Fig. 1 were recorded by an oscillograph ink-recorder attached to a resistance type wave 
meter. The direction of progression of tidal wave was decided by refering to the prototype. 
The rate of flow in Fukushima River was neglected because the rate of flow in actual river 


which was under improving work during field observation was very small. 


Ill. RESULTS OF OBSERVATION AND EXPERIMENT 


The field observations of tidal current were done when the velocity attained maximum 
value both in flood and ebb tides from May 14 to 16, 1957. A tidal curve during those 
days is shown in Fig. 4, where the times of observation are shown in broken line (at flood; 
7: 20~9:10, at ebb 12: 50~14: 40). Because of the effect of wind the observation did 
not give the same result. Figs. 5 and 6 show the result on May 16 when it was comparatively 
calm. The wind observed at Hiroshima Weather Bureau on that day is given in Table 1. 

Although several boats were engaged in this work, it took nearly two hours everytime to 
complete observations at all stations. Accordingly this figure does not precisely show the 
tidal currents at the same time. As shown in this figure, current velocity is generally 
small and seldom exceeds 20cm/sec. Especially it is remarkable that near the contourline 


of 5m the velocities are very small both at flood and ebb. Inside the 5m contour the 
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Fig. 4 Tidal curve. Periods of current observations are 
indicated by dotted lines. 


Fig. 5 Pattern of the maximum rising current. Prototype, May 16, 1957. 
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Fig. 6 Pattern of the maximum falling current. Prototype. May 16, 1957. 


Table 1 
May 16, 1957 
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water depth decreases rapidly to 2m or less while in the outer part of this contour it increases 
rapidly to more than 10m. That is, there is a step on the bottom of the sea along this 
contourline marking the front of the delta of Fukushima River. The bottom materials 
consist of’sand or mud in the inner and outer part of this line respectively. 

As the model experiment for this prototype, experiments were carried out for three cases 
of @/8=8, 4 and 2. In each case the horizontal scale was 1/500, i.e. @=500. The values 
of 7 for those sets of @ and # are calculated from equation (5), giving 7=63, 45, and 32 
respectively. Since the observed current may be regarded as semi-diurnal, the corresponding 
periods of tide in the model were taken as 11.5, 16 and 22.5min. respectively. The stan- 
dard tidal range in prototype was assumed as 2.5m, so that they were reduced in accordance 
with the values of # in the model. Examples of tidal curves in the model are shown in 


Fig. 7, which were measured at the station nearest to the wave generator shown in Fig. 1. 
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Fig. 7 Tidal curve in the model. 


Fig. 8 Wind protection cover of the model. 


Fig. 10 Pattern of the maximum falling current. Model, a/f=8. 
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Fig. 11 Pattern of the maximum rising current. Model, a/f=4. 


Fig. 12. Pattern of the maximum falling current. Model, «/B=4. 


Fig. 13 Pattern of the maximum rising current. Model, «/8=2. 
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Fig. 14 Pattern of the maximum falling current. Model, a/f=2. 


During the preliminary, experiment it was found that the effect of wind was very large, 
and hence the equipment was covered temporarily with polyethylene sheets (Fig. 8). How- 
ever, as it wasimpossible to protect it completely from wind, the experiments were carried 
out only on calm days. 

The results of experiments are shown in Figs. 9~14. In order to compare with Figs. 5 
and 6, the tidal currents only near the maximum velocity are shown in these figures. Ge- 
neral results of all experiments will be reported on another occasion. Fig. 9 and 10 show 
the result for the case of @/8=8, Figs. 11 and 12 for a/8=4, and Figs. 13 and 14 for @/#= 
2. The values of velocity in these figures were calcurated from (U;),=(a/r(U;),—the 
relation derived from scale values. In these figures it is found that in the case of a/f 
=8 the velocity is smaller than in the prototype and it increases from offing toward the 
mouth of river. In the case of a&/f=4 the velocity is also smaller than in the prototype 
and almost uniform everywhere. However, in the case of a@/8=2 the velocity agrees well 
with the prototype and the degrease of velocity is noticed near the 5m contour. Furthermore 
near the left bank of Fukushima River a counter-current is found in the prototype at flood 
tide, and near Iguchi an eddy motion at falling tide. So, in this case it may be said that the 
tidal current in the model is similar to that in the prototype not only qualitatively but also 
quantatively. Considering the error of observation and experiment, the similarity between 


prototype and model is quite well. 


IV. CONSIDERATIONS 


From the results obtained above the ratio of drag coefficients may be decided as follows 


The drag coefficient is generally a function of Reynolds’ number, i.e. for laminar flow this 
functional relation is sufficiently expressed by Blasius’ formula, 

gs ve} 

VRe ’ 
Although this formula holds good in the case of a stationary motion, it is tentatively assu- 


med that it holds also good for vertically mean velocity of tidal current when the Reynolds’ 


C= 
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Table 2 
Nee es es Oa ee een eee pes ee eet es 
a/p 8 4 2 
Re 1.38 x 104 1.28 x 10 7 1.79 x 104 
Table 3 
al/B 8 4 2 
C2(c.g.s:) letoO Wel 7 105 0.99 x 10-* 


number is expressed by maximum velocity of tidal current (U), and the distance of max- 
imum tidal excursion (L) because the tidal current in the model changes very slowly. Such 
Reynolds’ numbers calculated from the results of experiments are shown in Table 2, each 
of them being in the region of laminar flow. Therefore, equation (7) may be applied to 
this case and the calculated values of C, are given in Table 3. 

Although there is no precise information about drag coefficient of prototype C,, it has been 
usually said that it takes the value of 4x10°~5x107~* (c.g.s.) from the result of many 
observations on the wind and water flow over solid rough surface. Now assuming C,= 
410° (e.g.s.) and C,=5x10~ for C, and the values in Table 3 for C,, the relation between 
C,/C, and a/f is shown as Fig. 15. In this figure a straight line indicates the relation 
C,/C,=a/8. Any point on this line satisfies the theoretically required condition. From 
our result it may be admitted that C,=5x107°, @/@=2 and formula (7) are obtained for 


tidal motion in the model. 


ee 
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Fig. 15 Relation between C,/C, and a/f8 (observed and theoretical) 


When the similitude between the prototype and model holds good, the relation of velocity 
(U;),=(e/r)(U;), must be established and further, equation (5) is substantial. Substituting 
these relations into Reynolds’ number of prototype Re,{(U;),L,/v}, we obtain the next equ- 


ation. 


This equation shows that the relation is satisfied by both Reynolds’ numbers in prototype 
and its model. The mean value of Re,, calculated from the results of observation in the 
prototype is Re,=1.4«10°(U=9.7 cm/sec, L=1.4x10°cm). The values of Re, for various 

Table 4 


ap 8 4 2 
Re, (8) ceo 3.4 104 2.5104 1.7X104 
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values of @/f are calculated trom equation (8) and shown in Table 4, where ¢=500. 

In this table the calcurated value coincides with experimental value for «/§=2, implying 
that when the similitude holds good the equation (8) is substantial. If we subsitude Re, 
of equation (8) into equation (7), C, is expressed by Re,. Substituting this C, into equation 
(4) we get the following relation, 

Cla Repivin 

LE328 

This formula provides a general relation between horizontal scale and vertical scale of the 
model which is dynamically similar to the prototype. According to this formula, realization 
of similarity in the case of «/@=2 is due to the adopted value of horizontal scale, i.e. @= 
500. A different value of @ gives a different value of ?, for example, 8=190 for «=250. 
A larger 8 corresponds with a larger a, then the water depth of the model becomes very 
small to render the experiment defficult to carry out. On the contrary, a smaller # corres- 
ponds with a smaller @, then the model becomes large and a fear arises that the tidal cur- 
rent in the model surpasses the laminar region, and further it becomes difficult to protect 
the model from wind effect. It is important to consider these points before the model 


experiment is carried out. 


Vo _CEPECT OF TRAINING JET LY 


As mentioned above there is a plan under way to construct a training jetty of 1.5km in 
length in the estuary as the continuation of right bank of Fukushima River. It is interesting 
how the tidal current in this neighborhood will be changed after realization of this plan. 
Since the similitude was verified, the model experiment on the tidal current of this region 
after the construction of this training jettty has been carried out by the same method and 
procedure under the same conditions. The resuit of experiment is shown in Figs. 16 and 
17. According to this result the velocity in western region of the training jetty is reduced 
to less than half of the previous one since the communication of water between sea and 
Fukushima River is shut off except through the river month. Especially near the jetty the 
reduction of velocity is extreme. The influenced region seems to be of a square area for- 


med by thelength of jetty. 


Ss D ia 


Fig. 16 Effect of the training dyke in the estuary of the Fukushima River now 
under planning. Pattern of the maximum rising current. a/f=2. 
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Fig. ‘i Effect of the training dyke in the estuary of the Fukushima River now 
under planning. Pattern of the maximum falling current. a/f=2. 

Mixing of sea water through a tidal current is regarded microscopically as diffusion, and the 
coefficient of diffusion is given by AUL. Since A is a constant, it is proportional to the 
square of velocity. Accordingly, when the velocity is reduced to half, the coefficient in the 
influenced region becomes 1/4. 

Since the supply of noourishing material, the exclusion of excremental material and the 
mixing of water are effected by the tidal diffusion, the influence of jetty over marine lives 


may be effected to a large extent through this reduction of the coefficient of diffusion. 
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ON THE DENSITY CURRENTS IN THE ESTUARY 


Takeshi Ito 

Sei-ichi Sato 
Tsutomu Kishi 
Masateru Tominaga* 


SUMMARY 


On the Pacific coast of Japan most of the rivers are of the moderate mixing type having 
a density gradient both in the vertical and horizontal directions. From the field obser- 
vations made on the Tone and Gokase rivers both of which empty themselves to the 
Pacific it was found that these rivers were both of the moderate mixing type and the salt 
water intrusion had a wedge-like shape. It was further observed that on the Tone river 
exchange flow was maintained for a long time, while on the Gokase river it was very short 
lived and salt water intruded the river so that the river was dammed up by a salt water 
wedge. On the other hand a detailed analysis of salinity distributions revealed that the 
duration of exchange flow was longer in case the upper and lower layers had differnt 
density gradients, while the duration was shorter when the gradients were nearly uniform. 

In general it is not easy to treat theoretically the salinity distributions in the rivers of 
the moderate mixing type. Nevertheless a method is proposed from the engineering point 
of view for locating the upper limit of salt intrusion. The method is applicable to those 
rivers such as the Gokase river where salt water intrudes the river in a wedge-like shape 
and dams fresh water. The results obtained by this method on the Gokase river was found 


sufficiently well in agreement with the observational data. 


I. INTRODUCTION 


At the estuary fresh and salt waters come in contact with each other and a large-scale 


density current takes place as a result of the difference Down Stream Up Stream 


in their respective densities. According to the classif- cee ee 


Fresh Water 


—X Fs 


cation proposed by H. Stommel” (1953) on the basis of 


the degree of mixing, there are as shown in Fig. 1 three eS Salt Water 
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types of mixing, namely, negligible, modederte and in- 


tense mixings. The distribution of salinity along the 


current is shown in the figure with respect to each of 
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proportional to salinity. SLES 
Fig. 1 (a) gives an example of the type of negligible h) Vederkie MAUTG 


these types, where the thickness of the green shading is 


mixing, where fresh and salt waters are not mixed and 


respectively form separate layers. Since there takes place peek 
only a little mixing, the density gradient in the horizontal Water 
direction is practically negligible. Such a type of mixing is 
frequently observed at the estuary with a small tidal range. (c) Intense Mixing 

Fig. 1 (c) on the other hand renders an example of Sidaly vipeushiauliawarer 


the type of intense mixing, which takes place as a result intrusion 
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of an intense mixing between fresh and salt water layers. In this case no density differ- 
ence is seen in the vertical direction, but the density gradient is obviously in existence in 
the horizontal direction with vertical iso-chrolines. While Fig. 1 (b) gives us an idea 
of moderate mixing. In this type of mixing the density gradient does not vanish both 
in vertical and horizontal directions. 

At the estuary with a large tidal range, the periodical alternation of flood and ebb tides 
gives rise to the formation of turbulence from the river bottom so that surf surface and 
bottom layers are mixed up with each other. In such cases the type (a) occurs very rarely 
and usually the type (b) or (c) takes place. Of course some of the type (b) are nearer 
the type (a) with a smaller degree of mixing, while some others are more or less closer to 
the type (c). 

The tidal range varies in the range of 1-2m on the Pacific coast of Japan, where most 
of the rivers are of the type of moderate mixing as exemplified by the Tone and Gokase 
rivers, which will be discussed in the sequel. On the other hand, the tidal range is very 
small on the Japan Sea coast. Most of the river on the coast therefore seem to be of the 
type of negligible mixing or of similar types. In Fig. 2 there is shown the salinity distri- 
bution of the Chikugo river, which empties itself to the Sea of Ariake. The distribution 
is obviously of the type of intense mixing. This is because the tidal range is very large 


in the Sea of Ariake being as large as some four meters. 
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Fig. 2 


As for the mechanism of density currents, some theoretical treatments have been at- 
tempted in relatively simple cases. In more complicated ones such as those of the type of 
mode rate mixing, very little has been explored so far. In what follows the salt water 
intrusion of the moderate mixing type will be observed on the basis of the data obtained on 
the Tone and Gokase rivers. Further a method will be proposed to find the range of the 


salt water intrustion (which will be in the sequel abbreviated as upper limit). 
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IL THE SALT WATER INTRUSION OF THE 
MODERATE MIXING TYPE 


2.1. Examples of the salinity distribution of the moderate mixing type 


In Japan the rivers which discharge themselves into the Pacific are affected by a fairly 
large tidal range. The intrusion of salt water is therefore of the type of moderate mixing. 
Fig. 3 gives the results of the observations made on the Tone river on August 13 and 14, 
1954. On the basis of the data obtained at the Fukawa Observatory during the years 


1941-1950, the discharge for normal times at the downstream of the Tone river is given in 
Table 1. 


24 th Aug. 14,1954 (Water Surface 2) 9 30° Aug. 14, 1954 


CRever Bed. 
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Fig. 3 
Table-1 Normal Discharge at Fukawa 


High Water Discharge | Mean Discharge | Low Water Discharge Minimum Discharge 


323. m?/sec | 175.4 | 100.5 | 46.5 


On the other hand the discharge at the time of the above observations was 60 m’*/sec (at 
Toride) the amount being about the same as the minimum discharge, while the tidal range 
was 1.10m. Fig. 3 (a) and (b) respectively give the salinity distributions at the time of 
flood and ebb tides. Fig. 3 (a) shows that the salt water with the salinity of more than 
30% intrudes the river upwards as far as some 10km from the river mouth and the iso- 
chlorine curves take a wedge-like shape. 

Fig. 4 is the results of the observations made on the Tone river on October 15, 1954. 
The tidal range was about the same as in the preceding observations being 1.25 m, but the 
discharge amounted to 183.3m°/sec (at Toride) being three times as much. Fig. 4 (a) and 
(b) respectively give the salinity distributions at the time of flood and ebb tides. Since 
the discharge is large, salt water intrudes the river only little and as shown in Fig. 4 (a) 
the salinity of more than 30%, is found only within the distance of 2km from the river 
mouth and even such strong salinity is located only near the bottom. On the other hand, 
as is clear from Fig. 4 (b) the salt in the river channel is almost completely discharged at 


the time of ebb tide. 
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Fig. 4 
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Fsg. 5 gives the salinity distributions at the Gokase river as observed in April, 1945. In 
Fig. 5 is shown the results of the observation on April 4, when the tidal range and dis- 
charge were respectively 1.95m and 15m‘°/sec. In these’ figures the salinity distribution is 
given in terms of the chroline content. Between the chroline content Cl and salinity s 
there holds the equation 

s=0.030+1.8050 Cl. 
For instance we have s=34.33%) for Cl=19000 ppm. 

On the Gokase river the intrusion of salt water again takes the type of moderate 
mixing. However the iso-chlorines have a steeper gradient, which characterizes the river 
as coming near the intense mixing type. For instance Fig. 5 (b) gives the iso-chlorines 
at the time of flood tide, which were obtained during the observation in April. Here the 
curve corresponding to 5,000 ppm has a gradient of 11x10‘, while in the Tone river that 
corresponding to salinity 9% i.e. 5,000ppm, has a gradient of 6.2x10™' being about a 


half of the gradient of the former. 
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Fig. 5 


2.2 Velocity distribution of the type of moderate mixing 


Fig. 6 gives the velocity distribution of the Tone river obtained during the above- 
mentioned observations. Here the velocity distributions at the time of normal and reverse 


flows take peculiar forms as a result of the existence of a horizontal density gradient. 
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At the stage of normal flow the horizontal density gradient has the sign converse to the 
surface gradient with the effect to reduce the velocity. Accordingly the velocity in the 
lower layers with stronger density currents is clearly distinguishable from that in the upper 
ones with stronger gradients currents. This is clear by seen from Fig. 6 (a). 


At the time of reverse flow the horizontal density gradient has the same sign as the 
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surface gradient with the effect to accelerate the flow. Since the density gradient is larger 
in the lower layers, the velocity takes its maximum value at a certain depth from the sur- 
face and the velocity distribution takes a form similar to that in a pipe. 

Since the surface gradient almost vanishes when the normal flow changes into the reverse 


Thus the 


normal flow prevails in the surface layers, while the reverse flow is dominant in the lower 


one, the density gradient is larger than the surface gradient in the lower layers. 


layers. This gives rise to the so-called state of exchange flow. 
On the Tone river the velocity was observed several times during the years from 1954 to 
1956 and the relation between the duration of exchange flow, the discharge and the tidal 


range was obtained as tabulated in Table 2. 


Table-2 Duration of Exchange Flow 


——$<. $<  ————— Ss—v— 
Tate Discharge Tidal Range Station 
m/sec m 0 km 1km 2km 4km 
Jul. 28 1954 121.6 1.0 60 min 
Aug. 13 1954 60.0 0.45 60 75 80. 
Oct; 15 ~1954 183.3 0.55 40 BS 70 
Aug. 22 1956 15.0 1.0 30 


From Table 2 we cannot see any definite relation whith might hold between the duration 
on the one hand and the discharge and tidal range on the other, the exception being the 
short duration observed on August 22, 1956, when the river was in the state of minimum 
discharge. There is seen on the other hand a tendency that the duration increases as we 
go upwards from the river mouth. As the surface gradient is small near the mouth of the 


At the 


time when the flow turns, an exchange flow is therefore formed if there is in existence a 


Tone river, a reverse flow is formed unless the river is flooded to a certain extent. 


horizontal density gradient in the bottom layers and its duration is determined by the inter- 
relation between the surface and density gradients. At the time of 1956 observation the 
discharge was very small and as a result the density gradients differed only a little from 
It seems that this was mainly responsible for 


On the other hand, the duration tends to 


each other in the surface and bottom layers. 


a short duration which took place at that time. 
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become longer as we go up the river. This is presumably due to the fact that the difference 
of the density gradients in surface and bottom layers tends to become larger in the up- 
stream. For instance Fig. 7 shows on the basis of the observation made on October 15, 
1954, the temporal variations of the salinities in surface and bottom layers respectively 


2km, 4km and 6km from the river mouth. 
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salinity at the places respectively 2km and 
4km from the river mouth. However a fairly 
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Now we shall proceed to the velocity distribution in the Gokase river. As aforementioned, 
the chlorinity distribution takes a form closer to the type of intense mixing than the distri- 
bution in the Tone river. We shall next be concerned with the problem in what may such 
characteristics are represented in the velocity distribution. Fig. 8 gives the velocity distri- 
bution of the Gokase river as observed in 
1954. If we compare Fig. 8 with Fig. 6, 


it is easily seen that exchange flow does 


20000 -— ; a 


not take place on the Gokase river. Fur- 


ther, even at the time of normal and 


reverse flows there does not appear so 


distinctly the pattern of the velocity distribu- 


tion characteristic to the Tone river. This 


is because the chlorinity distribution of 


the Gokase river is almost of the type 


of intense mixing with the small difference 
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no exchange flow is observed on the Gokase 
river. As above mentioned the former is 
the case that the surface and bottom layers have different horizontal density gradients, while 
the latter is seen in case the value of the gradients is nearly uniform in the surface as well 
as in the bottom layers. In a word the problem which case really happens is reduced to 
the degree of turbulent mixing which might take place between the surface and bottom 
layers. The degree is more specifically represented as the coefficient of roughness of the 


river. Thus there is a possibility to connect the duration to the coefficient of roughness. 


Ill). UPPER LIMIT OF SALT WATER-INTRUSION 
OF THE MODERATE MIXING TYPE 


3.1. Summary 

As above mentioned there is no general principle which takes account of the mechanism 
of salt water intrusion of the moderate mixing type. In other words it is highly difficult 
to obtain the velocity and salinity distribution and other informations from a fundamental 


equation which takes into consideration the effect of the density current. Nevertheless, in 
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many cases we only interested in locating the upper limit of salt water intrusion from the 
engineering point of view. Thus we shall give a procedure which will enable us to fix the 
upper limit from the practical point of view. 


3.2. Principles and procedure 


In the case of the moderate mixing type the iso-chlorine take a wedge-like shape and salt 
water gradually fades out into fresh water. For practical purposes it is however sufficient 
to locate any fixed one of these iso-chlorines. With this in view the iso-chlorine thus fixed 
will be considered to be a front of the salt water wedge and we suppose that the upstream 
and downstream sides of the front respectively consist of fresh and salt waters. It is there- 
fore our task to locate the front. 

In case no exchange flow takes place at the time of turning flow and the river is sup- 
posedly dammed up by a salt water wedge, we can Iccate the wedge at a certain time in 


the following way. 


The water in storage at the upstream side 
Uh of salt wedge between time t1 and timetz. 
A Water surface at time tz. 


EEE ae ==> 


7D C _ Water surface at time t1. 
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‘The front of salt wedge. 


COPT?, 
Fig. 10 
In Fig. 10 the domain which lies between the water surface at the time ¢, and that at 
the time ¢, constitutes the amount of intruding salt water and the water in storage at the 
upstream side of the wedge. As it is supposed that fresh and salt waters practically do 
not mix with each other and the former is stored at the upstream side of the latter, the 
curve, if properly drawn with the same gradient as the salt water wedge, will divide the 
said domain into two parts, the one at the upstream side corresponding to the water in 
storage. Thus the whole problem is solved if we can obtain the frontal gradient of the 
salt wedge, which is approximately calculated as follows : 
In terms of the notations in Fig. 11 we have as the equation of motion of the fluids in 
upper and lower layers” 
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Assuming 1t,=0 in the equations (1) and (2), we obtain in general 
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Assuming 7,==0 in eq. (1), we have 
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Rearranging (2) and substituting it to (6), we obtain the following equation under the 
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in the case of the moderate mixing type. We can therefore 


small compared with 


neglect the second and third terms of (7) and obtain 
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In the above formula the resistance coefficient c, is determined by the field observation, 
while other quantities are all obtained by computation. Thus we are able to get the gradi- 
ent therefrom. On the other hand it is sufficient to let a, be about 1/2 of the average 
depth of the region where the wedge is located. 

Summing up the procedure to locate the salt water wedge, 

(1) Surface profiles are determined either by calculation or by measurement at a time 
of flood ebb ¢, and at another time ¢,, the location of the wedge at which we are looking 
for. 

(2) Next we compute the discharge stored in the domain lying between the two pro- 
files during the course of time from ¢, to ¢,. 

(3) From (8) the gradient of the salt water wedge is obtained. 
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(4) Lastly we determine the location of the wedge so that the domain surrounded by 
the two surface profiles and the wedge front with the gradient (determined in (3)) may be 
equal to the discharge as obtained in (2). 


3.3. Applications 


With a view to obtaining information on the salt water intrusion on the Gokase river, a 
comprehensive survey was carried out in 1954 about the level, velocity, chlorinity and other 
items. 

On the Gokase river exchange flow is almost negligible. We can therefore suppose that 
salt water intrudes the river and dams fresh water. As seen from the pattern of salt 
water in Fig. 5, iso-chlorine are almost parallel to each other and 00/02 distinctively 
changes when we pass 1,000ppm curve. We can therefore consider 1,000 ppm curve to 
be the front of the salt wedge, which separates the fresh water located above the curve 


from the salt water with the chlorinity from 5,000 to 6,000 ppm. 
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In Fig. 12 there are given the theoretical value’” of the location of the salt water wedge 
as at 18: 00hr April 4, 1954, obtained during the afore-mentioned survey and the one ob- 
tained by the actual measurement”. In theoretical computation as well as in the actual 
measurement, 1,000 ppm curve in Fig. 5 (a) is supposed to constitute the boundary between 
salt and fresh waters. As is clear from Fig. 12, the theoretical value fairly well coincides 
with the observational one. This is one of the evidences that the proposed method is 
satisfactory from the practical point of view. 

It should however be noticed that there will remain some mixed layers even if the salt 
wedge is located by this method. It is therefore necessary to evaluate the thickness of 


these layers by field observations, if we want to find the upper limit of salt intrusion. 


IV. CONCLUSION 


The intrusion of salt water into the river was classified into three types, i.e. intense, 
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moderate and negligible mixings and a method was proposed for locating the upper limit 
of salt intrusion of the moderate mixing type. This method is applicable when the salt 
water has the following characteristics : 

(1) The salt water intrusion takes a wedge-like shape, 
and 

(2) No exchange flow is formed and faesh water is dammed by water. 

Since the Gokase river was found satisfying these conditions by the survery, the location 
of the salt wedge was obtained by computation well in agreement with tha observational 
value. It is however very difficult to evaluate the upper limit of salt intrusion if we 
should take into consideration plannings of improvement and other particulars which might 
change the river and we have not been successful in finding any reliable general method to 
locate the upper limit. Nevertheless the following method is available even in such cases : 

(1) The tidal level curve and discharge data are first obtained, 

(2) Neglecting the density difference, hydrographical computation is made by means of 
the method of characteristics. The necessary data are furnished by field observations, 

(3) The water surface profile is drawn at the time of ebb tide, 

(4) A fixed time between the flood tide and the instant when the upper limit of tidal 
reach begins to flow reversely is selected and the water surface profile thereof is drawn. 

(5) The discharge stored in the domain lying between these two profiles is computed, 

(6) The salts wedge is roughly located using the information obtained in (5) and if 
the time of turning flow at this location does not coincide with that previously selected, 
then the same process is repeated until the coincidence is attained, 

(7) When the coincidence is attained, the gradient of the salt wedge is calculated, 
wherein we employ as velocity the average velocity at the location obtained in (6), while 
the coefficient of roughness is determined by field observations. 

(8) The exact location of the salt wedge is then obtained from the discharge in storage 
and the gradients respectively obtained in (5) and (7). 

(9) The thickness of the mixing layers is evaluated on the basis of field observations 
and the upper limit of salt water intrusion is finally determined therefrom. 

This method is of course based upon the one proposed above. Into it there is further 
incorporated an idea that the chlorinity at a certain place increases as far as the flow is re- 
verse at the place and decreases when the flow turns. The steps (5) and (6) in the above 


method is based upon such an idea. 
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TSUNAMI! CAUSED BY CHILE EARTHQUAKE IN MAY, 1960 
AND OUTLINE OF DISASTERS IN NORTHEASTERN 
COASTS OF JAPAN* 


Toshio TIwasaki** 


Kiyoshi Horikawa*** 


I. GENERAL REVIEW 


At the dawn of May 24, 1960, the entire stretch of the Pacific coasts of Japan was over- 
whelmed by a surprise assault of a tsunami without any previous sign of warning due to 
tremors of an adjacent earthquake. The resulting disasters were tragic and farreaching. 
The fact that this tsunami was generated near Chile which is located at the diametrically 
opposite position of the globe to Japan, upset the-convensional notion that “a tsunami ac- 
companies an earthquake having the epicenter in the neighboring ocean bed of Japan.” 
This and other peculiarities of this tsunami gave rise to numerous problems the kind of 
which was all but unprecedented. 

The authors led a group of the investigation parties which were organized immediately 
after the disaster, making an investigation tour to the northeastern coasts**** of Japan 
where the disasters were believed to be most serious. The principal objectives of our 
investigation included primarily the civil engineering structures, together with gauge records 
and traces of the tsunami, and the effects exhibited by the existing counter-tsunami 
measures. 

The project consisted of 2 separate operations each covering the periods from 26 to 31 
May and from 5 to 12 June, and the investigation was carried out in such cities, towns, 


and their vicinities as : 
Shiogama, Ishinomaki, southern coasts of the Ojika peninsula, Onagawa, Okachi, Shizu- 


kawa and Kesenuma, Miyagi Prefecture ; 
Rikuzen-takada, Ofunato, Kamaishi, Ryoishi, Ozuchi, Funakoshi, Yamada, Miyako, Taro 
and Kuji, Iwate Prefecture ; and 


Hachinoe, Aomori Prefecture. 
We should like to express our grateful appreciation to the local authorities who willingly 


took trouble to provide us with whatever information and assistance available, although 
they were swamped with recovery and rescue activities of great urgency. 

We fear that this report is incomplete as it is, since some of the data utilized here had 
to be presented without due theoretical treatments owing to pressing limitation of time. 
However, the authors shall feel deeply obliged if the readers could learn something of value 


from our account which meant to convey vivid scenes of disaster to the interested world as 


early as possible. 


Translated from the paper presented to Journ. Jap. Soc. Civil Engrs., Aug. 1960, 


*k Professor of civil engineering, Tohoku University, Japan. 
Assistant Professor of civil engineering, University of Tokyo, Japan. 


**** Commonly known as the Sanriku coasts in Japan. 
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I. CHARACTERISTICS UNIQUE TO THE TSUNAMI CAUSED 
BY THE CHILE EARTHQUAKE, 1960. 


It was approximately 7:23 p.m. 21 May that the observation department of the Japan 
Meteorological Bureau caught the first wave of the Chile earthquake with the estimated 
magnitude M=8. The second wave was observed at 7:51 p.m. 22 May, the next day, and 
the 3rd and 4th waves respectively at 4:15 and 4:31 am. 23 May. The 4th wave is re- 
garded as responsible for the tsunami which struck Japan across the Pacific. According to 
the hindcast made by the observatory at Matsushiro, Japan, this wave was of the magnitude 
83/4 with the epicenter located offshore of the Concepcion city, Chile, at long. 73° W. and 
lat. 37° S. Later on, a Japanese correspondent covering the activities of the Japanese 
Investigation Delegation for Tecnical Cooperation with Chile on Earthquake Disasters, led 
by Professor Ryutaro Takahashi, University of Tokyo, as chief delegate, reported that a 
series of earthquakes dealt successive blows to the area ranging from Concepcion, north, to 
Puerto Monto, 780km south, and I. de Chiloe, and that the earthquake which sent the dis- 
astrous tsunami to Japan occurred in the vicinity of Valdivia. The magnitude was estimated to be 
81/2 to 81/4 by the C. & GS., U.S.A., which gives a rough idea on the tremendous scale 
of this earthquake. The tsunami which followed this earthquake traveled westward and, 
striking the Hawaiian islands en route, reached Japan after 24 hours approximately of pro- 
pagation across the Pacific. When calculated for the assumed average depth of the Pacific 
Ocean, i.e. 4282m, the celerity of this tsunami is 216m/s, which is in rough agreement 
with the relationship »/gh, the propagation velocity of a long wave. 

Professor Kozo Yoshida of the University of Tokyo constructed a refraction diagram 
which seems to offer a very interesting account of the movement of this tsunami. The 
diagram shows that, of the energy of the tsunami generated from the offshore water of 
Chile the portion confined to a 90° fan was steered to converge toward Japan due to bottom 
topographies of the Pacific Ocean, or particularly to shallow floors around the Hawaiian 
islands lying in midway. Naturally, other contingents of energy should also be considered, 
such as the portion of energy which must have been repelled due to reflection at the edge 
of the continental shelf, or that contributed from reflection at the Pacific coasts of north 
America. The complexity of the problem seems to require a further refined treatment by 
cooperating branches of geophysical science on the basis of the tidal records observed along 
the various coasts of the Pacific Ocean. However, a detailed discussion of these factors is 
beyond the scope of this paper. 

In fact, there is a historical evidence that such unwarned tsunami without preceding tre- 
mors of a nearby earthquake as the 1960 tsunami has also taken place in the past. The 
Asahi called attention to the fact that the great earthquake of Chile in 1906 sent a tsunami 
wave as far as Japan.* It also reports that a tsunami generated by the Tokaido earthquake 
of Japan on November 4, 1854, arrived in San Francisco. After a laborious examination of 
the ancient chronological records of tsunami, Mr. Saburo Ninomiya, head of the Meteoro- 
logical Observatory at Miyako, Japan, points out the coincidence between the tsunami which 
struck the Ozuchi district at 2:00am., 26 May, 1751, and the entry in the Science Table 
edited by the Tokyo Astronomical Observatory which says : “On 2 May, 1751, ‘a great 


* One of the leading dailies in Japan. 
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earthquake followed by a tsunami struck Concepcion and Santiago of Chile necessitating 
re-siting of the former.” Mr. Ninomiya further quotes the old record which describes the 
phenomena of this tsunami saying that the water was heaved in an overflowing manner 
causing no injuries on men and horses. 

A tsunami which used to propagate a long fetch between the generating area and Japan 
is defined by Professor Jiro Suzuki of the Geophysical Department of the Tohoku University 
as a plane wave with the front lines aligned parallel to the direction of the Japan Islands. 
On the other hand, the Sanriku tsunami in 1933 had the generating center at the Tuscarora 
Deep, slightly over 200km off the northeastern coast of Japan, and the waves which arrived 
on these coasts had the front lines shaped similar to the hyperbolic curves of a short focal 
length. Consequently, the maximum water level produced by the Sanriku tsunami was ex- 
tremely high at some localities, but they tended to fall sharply as the distance grew. On 
the other hand the tsunami of 1960 gave the maximum levels almost uniform everywhere. 
Fig. 1 shows the distribution of the highest levels recorded by the 1960 tsunami and the 
time sequence of their occurrence along the coasts of Japan, summarized from the data 
published by the Meteorological Board and other authorities. It is noted that a wave of 3 
to 5m is predominant at the Tohoku and Hokkaido districts, while the height is reduced 
to 1 to 3m to the west of the Kanto district. It appears that the tsunami arrived at north 
earlier ; however, any definite remark should be avoided at present. 

It appears almost certain that the tsunami of 1960 was of the period approximately 60: 


minutes at the ocean fringe off the Japan Islands. The periods of the past Sanriku tsunami 
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were around 12 minutes.* The discrepancy in the periods of the tsunamis is largely re- 
sponsible for the patterns of the heaving motion of water in the bay areas. In fact, it is 
said that, when the period of a tsunami exceeds that of the normal vibration of a bay, the’ 
wave height generally tends to attenuate as it advances toward the recess of the bay; while 
in the case of the period of the normal vibration greater than that of a tsunami, it gains 
in height as it advances. The levels over the standard datum of the Tokyo Post are 
shown from the authors’ investigation of the traces and gauge records of the 1960 tsunami 
for the Kesenuma bay in Fig. 2, the Ofunato bay in Fig. 3, the Hirota bay in Fig. 4, and 
the Miyako bay in Fig. 5. As the figures show, the wave heights tend to increase towards 
the recesses of the bays except for Kesenuma. However, the Sanriku tsunami gave a 
contrary result at the bays of Ofunato and Miyako. The Shizukawa bay naturally tends 0} 
resonate against such a long period wave as the 1960 tsunami giving the highest wave at 
the deepest recess of the bay. A small inlet of Tsurugaura immediately adjoining the 
Kesenuma bay to the east was struck by an exceedingly high tsunami in 1933, but suffered 
almost no casualties by the 1960 tsunami. This fact is duly explained by Mr. Tadayasu 
Saijo of the Fishery High School at Kesenuma: The Kesenuma bay consists of 2 separate 
sectors east and west bordered by the Oshima island; the eastern sector is 6km long and 


27m deep with 24-minute period of normal vibration, while the western sector, 10 km long 
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Fig. 4 Inundated area and highest Fig. 5 Inundated area and highest 
level over T.P. (m) level over T.P. Cm) 
and 10m deep, has the normal period of 60 minutes. 

The incident direction of a tsunami is unlikely to depend on the exposure of a bay, as 
seen from the phenomenon that the Onagawa and Ogihama ports, located respectively east 
and west of the Ojika peninsula with the exposing directions opposed by approximately 
180°, showed the almost equal trace levels each T.P.+4.77m and T.P.+4.50m. This fact 
is easily understood by considering that the 1960 tsunami was a plane wave having a very 
large period.* 

During our investigation we made an inquiry into the appearance and other related 
patterns of the tsunami wave through the local residents or photographic snaps. They all 
agreed to witness that the tsunami did not take a form of a bore or a spilling front, and 
that the sea gradually gained height over the entire surface of a bay. It will be of interest 
to quote here Dr. Akitsune Imamura who wrote in “Civil Engineering Records of Earth- 
quake and Tsunami Disasters” published by the civil engineering department of Iwate Pre- 
fecture, 1936, that “------ a written account of an ancient who met with a tsunami compares 
it to a condition which might result from tilting the sea bed upward around a hinge 
resting at the shoreline,” and that “this description truly depicts the situation.” 

On the other hand there are evidences showing a fairly large velocity of the water mass 
which accompanied the movement of the 1960 tsunami. According to Mr. Hajime Kanno, 


head of Port Development Offlce at Hachinoe, a dredger was ripped from the lightly 


* In preparing this paragraph a reference was made to the Report No. 10 of the Department of Sciences 
which was addressed to the general seminar on the 1960 tsunami held at the Tohoku University on 28 
June, 1960. 
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moored position and carried off at the velocity of approximately 10 knots by a stream which 
took place inside the harbor basin during reflux of the tsunami, finally resting on a reef 
outside the breakwater. There was a strong flow of water through the breakwater gap of 
the Miyako port during flux of the tsunami. The stream was so rapid that a fisherman 
barely succeeded in traversing it in a boad equipped with a 20 HP Yanmar diesel engine at 
the top speed of 8knots. He vowed before the authors that the stream velocity was ap- 
proximately 5 kots. We were also encountered with the witnesses at Miyako and Shizuka- 
wa stating that the drifting timbers fleeted at an amazing speed toward the length-wise di- 
rection, or that the stream was so violent that it looked as if a real river had suddenly ap- 
peared in the midst of the sea water. 

There is a photographic evidence of a bore-shaped pattern of the tsunami circulated by 
the Kahoku Shimpo*, 2 June, which occurred at the river-mouth port of Ishinomaki as the 
tsunami advanced upstream pushing the boats along the wave front. We also heard a 
story repeatedly that the reflux was even more violent than the flux. 

Much remain unsolved as to the effects of reflection and refraction of the tsunami occur- 
ring inside a basin as well as various phenomena quoted above. 

‘Finally, we should like to invite the general attention to the efficiency of a tidal gauge. 
Of the 12 records which we obtained during the tour, none but 3 gives a correct recording 
of the maximum and minimum water levels. Some of them successfully traced the water 
level until scaling-out, or some of the apparently reasonable records had to be discarded 
later when it was found out that the underwater leading pipe had been clogged with mud. 
The officials of the Hachinoe Meteorological Observatory were wise enough to examine the 
leading pipe by taking advantage of a short duration of reflux and to discover that it had 
been bent. The pipe was quickly repaired and an almost perfect record of subsequent 
waves was obtained. We were also deeply impressed by some limited number of person, 
namely Mr. Koei Hashimoto of the Nissan Civil Engineering Co. at Ofunato and Mr. Mi- 
chitoshi Ishizawa of the Furukune Construction Co. at Taro, who did not lose the presence 
of mind amid the general confusion to take a meticulous note of the movements of the 
tsunami. Neverthless, we feel strongly the need to establish a sufficient number of tsunami 
stations each equipped with a tsunami recorder and appropriately distributed at every 
strategic locations in order to obtain the reliable data on which alone a really scientific 


analysis on the nature of a tsunami could be based. 


I. CASE STUDY OF DISASTERS INFLICTED ON THE 
CIVIL ENGINEERING STRUCTURES 


Of the disasters inflicted on civil engineering structures some salient examples are intro- 
duced below for each classified type of structures. 

1) Bridges 

The tsunami invading upstream of a river frequently washed wooden bridges clean of 
their posts such as a bridge at the Araita river of Shizukawa. Plate 1 shows the Naikai 
bridge spanning a branch stream of the Kitagami river and located inside the city of Ishi- 
nomaki, which had the railing destroyed by violent impacts of fishing boats rushed upstream 


by the tsunami. Plate 2 shows another example of disaster which fell upon the Mangoku 


* One of the local papers at Sendai, Japan. 


Plate 1 Naikai Bridge shown with destroyed 
railings and sunk boats. 


Plate 2 Mangoku Bridge, The 2nd post slumped 
by 0.97 m. 
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bridge spanning a small tidal inlet connecting the Mangoku lagoon and the sea and located 
between Ishinomaki and the Ojika peninsula. In 1952 the tsunami caused by the Kamchatka 
earthquake scoured the foundation of the bridge posts, which were later reinforced with 
rubble mounds excepting the bed near the 2nd post from the right side. (See Fig.6). 
During the tsunami of 1960 a boat capsized and sank here, and an increased velocity of 
water during flux started scouring on the bed. At 7:00 p.m., 24 May, the post gave way 
and began to subside amounting to 0.95m of slump until 2:00 p.m. 25 May, the next 
day. This bridge also subsided at the 13th post during the tsunami of the Kamchatka 
earthquake. The subsidence of a bridge post took place also at a bridge of the Sekida 


river, Yamada, which occurred 2 days after the tsunami. 


Plate 3 Highway revetment failed by receding water during 
reflux between Hadenya and Mitobe, Shizukawa. 


2) Highway Revetment 

Plate 3 shows failure of the highway revetment which is located between Hadenya and 
Mitobe, Shizukawa bay. The schematical diagram of this structures is shown in Fig. 7. 
Examination of the traces disclosed that the 1960 tsunami overtopped the wall at the 


maximum level of T.P.+4.36m, ie. 1.49m 


Estm. Trace TPR+436 2 
higher over the crown of the parapet wall. 
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revetment were washed clean off the base 


stones. It was estimated that the failure 
of the revement occurred due primarily to 
scouring of the foundation by the receding 
water during reflux and secondly to subse- 
quent increase of earth pressure against the 
revetment wall owing to loosening of the Big-}? Roadirevetment at Hasenya.j unit 7m) 
bond between the backfilling concrete and soils. During reflux the receding water seems 
to scour the base of a revetment so violently that the flow pattern takes on a water fall 
drilling a pool below. Such phenomenon is shown in a front-piece of the June issue, 
Journal of the Japan Society of Civil Engineers, giving the scene of the quay wall of 
Ofunato with the frontage depth of 4m below the lowest low water level. 

The similar pattern of failure was observed at the highway revetment in front of the 


observatory of earthquake, terrestrial magnetism and tsunami of the Tohoku University in 
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the Onagawa bay. 

The examples shown in the preceding paragraphs seem to provide a lesson that it is 
absolutely necessary to make use of rubble or block mounds to protect the foundation of a 
revetment wall. 

3) Sea Dikes 

Most of the sea dikes found along the Sanriku coasts, except for those especially designed 
against tsunamis, invariably consist of a seaward face protected with a simple masonry or 
concrete wall, but of the landward face almost unprotected. The sea dike at the mouth of 
the Okawa river located in the Kesenuma 6 
bay, shown in Fig. 8, was overtopped by 
the tsunami of 1960 at the estimated 


level of 0.97m over the crown which is Seiten AA 


T.P.+1.75 high. © “fhis® was “calculated 
from the traces found inland nearby, T.P. 
+2.72m, since the dike itself did not 
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retain any trace. A sluice was attached 
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Fig. 8 Sea dike at Okawa Inlet. (unit: m) 


to the dike in order to drain the im- 
pounded water. However, the tremendous 
mass of water thrown behind the dike by the tsunami apparently began to flee through a 
gap existing between the earth dike and the sluice and brought about failure of the dike by 
gradually widening the gap as the breakthrough continued. Another failure of a sea dike 
occurred in the same manner at Kozumi of the Ojika peninsula, where a destruction started 
near the sluice resulting in the revetment stones dispersed seaward approximately 50 m. 
(No stone could be found beyond this distance because the sea started there). 

There are indications that for a low dike the receding water overflows the crown level 
scouring the seaward base of the revetment; and that for an earth dike the overtopping 
water first tend to erode the landward shoulder and to cause a failure of the entire face of 
the landward slope as the inundation is prolonged. The patterns of failure vary in minor 
details according to the inundation level, the inundation period, the height of a dike, the 
drainage conditions of the protected land behind a dike, the directions of the receding water: 
and the flow patterns. It is therefore suggested that those who are concerned with planning 
of the counter-tsunami measures should take into consideration the topographical conditions 
of the adjacent area in relation to the factors cited above. 

4) Sea Walls 

Some of the sea walls designed against a tsunami were overtopped by the 1960 tsunami. 
The sea wall shown in Plate 4 and Fig. 9 is located in Ozuchi, with the crown level T.P. 
+3.20m. Considered from the trace level T.P.+3.70m found at a house standing in front 
of it, the overtopping level of the tsunami is estimated to be 0.5m over the crown of the 
wall. Because the level of overtopping was low, the inundation period must have been 
short, as a result the failing procedure of the landward slope being less severe. Until the 
failure of the landward slope started, the level of the overtopping water had already been 
reduced considerably, and consequently the invading water fell from the crowing concrete 
slab immediately into the base below causing a scour as shown in the picture. This process 
of failure seems to be confirmed by the facts that the houses located approximately 10 to: 
20m behind the sea wall evaded destruction, and that the landward slope located in the 
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Plate 4 Failure of the sea wall at Ozuchi shown with a scoured 
ditch on the landward slope. Houses remained un- 
scathed. A counter-tsunami grove is seen yonder. 
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Fig. 9 Cross section of sea wall at Ozuchi. (unit : m) 


shade of a hut standing in front of the sea wall remained intact. 

To the north of Funakoshi and facing the Yamada bay was a sea wall with a counter- 
tsunami grove lying in front. Here, the failure started from an ill-maintained spot where 
a passage had been cut for traffic of trucks. At Osawa in the Yamada bay the tsunami 
took a round about path rushing upstream of a river which flanked the sea wall, overflowing 
into the protected area at a place where the embankment was relatively low, and then de- 
stroying the sea wall of a considerable height from behind. The wall was built of silty 
soil and protected with a masonry revetment on the seaward slope. This example shows 
that a sea wall of an adequate height alone is insufficient to guarantee the safety of the 
protected area unless the flanks facing a river is also equipped with an embankment of an 


adequate height. We have already experienced this type of disaster during the Ise bay 
typhoon in 1959. 


5) Quay Walls and Lighter’s Wharf 

Plate 5 shows the failure of a quay wall capable of mooring 10,000-ton vessels at Ofu- 
nato where the backfilling was scoured. Plate 6 shows the failure of another quay wall of 
the Fuji Steel Co. at Kamaishi. The former had the crown level T.P.+1.65m and was 
inundated for approximately 20 minutes by the tsunami with the maximum level of T.P.+ 


3.85 m, ie. 2.20m above the crown level. The next wave flooded the quay wall again 
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Plate 5 10,000ton capacity quay wall at Ofunato with back 
fillings washed by receding water. 


Plate 6 Fuji Steel quay wall at Kamaishi shown with sheet 
pilings overturned and backfillings washed. 


about 0.70m above the crown level, but the subsequent waves remained below the crown 
level.* |The sheet piles, 15m long and resting at the level T.P.—14.35m, had the em- 
bedment depth of approximately 11m below the sea bed of T.P. —3.35m. The scour is 
attributed to the falling water during reflux which caused a scour at the front bed followed 
by suction of the backfilling soils through gaps of the sheet piles. The water level in 
front of the quay wall was less than T.P. —2.35m or 1m deep during reflux. We may 
think of other causes of the scour such as piping action or slippage of saturated backfills 
along the circular surface of rupture, but further studies are necessary to determine the 
factor which is most responsible to the scour of the backfills. In this connection it must 
be pointed out that the scour occurring in front of a quay wall seems to be far more in- 
tensive than used to be imagined. 

On the other hand the sheet piles of the Fuji Steel quay wall at Kamaishi were 11m 
long with only 3m of embedment depth. The construction of this wall dates back to 1937 


and supposedly numerous unfavorable conditions had since been accumulated to reduce it 


* This information was supplied by Mr. Koei Hashimoto of the Nissan Civil Engineering Co., together 
with photographic evidences. 
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vulnerable to a flood. It overturned toward the sea. 

At the Hachinoe industrial sector, the quay wall built of reinforced concrete sheet piles 
had the backfillings washed, and collapsed due to lack of interlocking power of the sheet 
piles. At the Konakano fishery wharf of Hachinoe (See Plate 7 and Fig.10.) the front bed 
was severely scoured due to raging water which rushed to and fro inside the anchorage 


basin. The wharf finally collapsed. 


Plate 7 Konakano fishery wharf at Hachinoe collapsed after 
scouring of the front bed due to raging water which 
rushed to and fro inside the anchorage basin. 
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Fig. 10 Cross Section of Lighter’s Wharf in Hachinoe. (unit : m) 


Subsidence of the crown floor occurred at the quays of the Shizukawa, Onagawa and 
Kamaishi ports, due probably to suction of the backfilling soils. 

6) Counter-tsunami Groves 

The most prominent disaster of this kind was found at the well-known pine grove 
Rikuzen-takada. One of the authors had visited this place only in October last year, but 


was appalled this time at the transformation which befell upon the acquainted scenery. At 


45 


the central portion of this green belt of pines was an overflow weir built on the former 
mouth of the Kesen river, where the belt was narrower with relatively young trees sparsely 
planted. The weir position was a little lower than the adjacent areas. This very spot 
was broken through first by an onslaught of the tsunami, which swept the pines scouring 
the underlying soils. After repeated inflow and outflow of raging tides through this gap, 
the scour reached as great as 6m at some places. When the authors visited the place, a 
troop of the Defense Corps were fighting the tide to stop the gap until the middle of July. 

The tsunami of 1960 took a heavy toll of human lives at the Matsubara park in Shizu- 
kawa, and infrequent examples of the disasters connected with a counter-tsunami grove 
seemed to raise a doubt as to the effect of such a grove in deterring the blows of a 
tsunami. Professor Takeda of the Iwate University, Japan, states that an effective counter- 
tsunami grove should be as wide as 200m. It is not useful unless densely planted with 
trees and lowlying bushes. Such an effective grove was found at Ozuchi which proved 
highly useful against the tsunami of 1960. A village at Ando which is located outside the 
lee of the grove suffered heavy casualties. Though a counter-tsunami grove must not be 
depended upon as a protection against inundation, it will still play an important role in 
ridding the tsunami of some its energy, or in preventing infectious destruction of houses. 
It was strongly felt that the reliability of a grove should be evaluated in the light of the 
strength, the resistance against an onrushing flow and the decelerating effect on a flow. A 
grove could be more effective if combined with other protective measures such as a sea 
wall. 

7) Other Structures 

At the port of Hachinoe, a breakwater near the river mouth subsided by 0.5m; a 
lighter’s wharf designed for a 10,000-ton vessel also subsided by 3.5m in the midst of 
construction; and the base-protecting tetrapods were dispersed at a few places. As to 
minor disasters, the navigation channels and anchorage basins in and out of the port were 
either shoaled or scoured, notwithstanding damages of vessels, machines or office buildings. 
Similar to the disasters which occurred during the Ise bay typoon at Nagoya, drifting tim- 
bers or vessels claimed some vital part of the disasters this time. We were bound to feel 
that the mooring techniques of timbers at the storage yard or factory should be revised 
with due consideration to such possible disasters. 

We were unable to determine the effect of a breakwater against such a long-period wave 
as a tsunami. At Ryoishi the fishermen insisted that the tsunami was lower there and 
hence less destructive than that of 1933 because a breakwater 50m long established at the 
bay neck partly reflected the tsunami toward the sea. However, the truth seems to remain 


still be confirmed by a further study. 
IV. COUNTER-TSUNAMI MEASURES 


The Sanriku coasts were invaded by a great tsunami in 1896 and again in 1933, which 
almost annihilated a number of villages taking a heavy toll of human lives as well. After 
these disasters were experienced the counter-tsunami measures against another possible 
hazard have become the vital problem for the local inhibitants of the northeastern coasts of 
Japan. Various measures have been devised and partly practised, such as (a) completion 
of an alert system; (b) removal of houses to neighboring highlands; (c) construction of 


refuge roads; (d) drilling for urgent evacuation; (e) plantation of counter-tsunami grove; 
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(f) construction of sea walls; and (g) frontage sheds or other facilities of a port sector 
built as solid parmanent structures to shelter the resident area lying behind. However, 
economical difficulties menaced overall execution of these measures, since such a costly in- 
vestment could pay little in the underdeveloped areas of the northeastern district of Japan, 
and since a tsunami disaster would not occur so often, namely once every 30 years. Worse 
still, the life on the highlands reduced the economical activities of the inhabitants extremely 
unfavorable, since they mostly lived on the sea. With the passage of time people began 
to crowd the lowlands near the beach again and most of them were practically helpless 
against another disaster when the tsunami struck them in May, 1960. 

However, there are places, though limited in number, such as Yoshihama and Taro, 
where towering sea walls surround the towns ensuring almost permanent safety from the 
ruthless fangs of a tsunami (See Figs. 11 and 12.). Particularly the former proved highly 
effective against the 1960 tsunami. Yamada is guarded by a sea wall which runs right 
through the downtown district (See Fig.13.). This ingeneous device will be very useful 
to such fishing ports or harbors where a high wall built along the waterfront may paralize 
the normal function of the port facilities. In Iwate Prefecture, construction of a coastal 
sea wall is being planned and partly fulfilled at Akamae, Tsugaruishi and Takahama 
which are located in the recess of the Miyako bay. A certain defensive project is also 
under way for Fudai. We sincerely hope that at this crucial moment the government 


moves to shoulder every responsibility for establishing and executing a long-term defensive 
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Fig. 11 Cross section of sea wall at Taro. (unit : m) 


Fig. 12 Cross section of sea wall at Yoshihama. (unit : m) 
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Fig. 13 (a) Cross section of sea wall at Yamada. (unit : m) 
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Fig. 13 (b) Cross section of sea wall at Yamada. (unit : m) 


policy against tsunami hazards which may recur any time in the future. 

From purely technical point of view, insurmountable difficulties exist as to defensive 
measures against a tsunami. As already discussed, it is practically impossible to determine 
the design height of a probable tsunami for each locality. The present practice of deter- 
mining the height of a sea wall is based on the records of the past tsunamis. Now that 
the highest possible tsunami can not be forecast, even a sea wall possessing a height which 
should not be overwhelmed by any tsunami ever recorded, may not be an absolute guaran- 
tee. Consequently, the best policy available today to evade disasters lies in timely evacu- 
ation of human lives; and a sea wall must not be fully counted on. The inhabitants of 
the tsunami-haunted coasts of Sanriku are quite alert to a sign of a tsunami. However, 
the tension could not always be maintained at its best against such an infrequent disaster 
as a tsunami. It will help easing such an awkward situation if the engineers let them 
acquainted with the reliability of counter-tsunami measures such as a sea wall or a counter- 
tsunami grove. We fear that the policy of migrating the living quarters to the highlands 


would be a shameful failure, unless adequate allowances be made on the basis of under- 


48 


standing toward the situations of the inhabitants along the Sanriku coasts, who dominantly 
depend on fishery. 

It is unfortunate to point out the deplorable lack of fact-giving data at the scenes of dis- 
aster. A good command over the facts is prerogative for establishing a workable policy 
against recurrance of the disaster. The greatest problem facing the engineers today is, 
curiously enough, the situation that they are devoid of actual data. In order to further 
engineering techniques as well as facilitate an economically feasible policy, eflorts should be 
done continuously and at all times to clarify intricate processes of a tsunami. For instance, 
the first-line scientists of the district observatory have long been crying for a robot tidal 
station, but they are still badly in need of it today. During our visits to several obser- 
vatories we were greeted with a complaint that they had to make risky trips between the 
observatory and the seaside tidal station several dozen times in the midst of the tsunami. 
We should like to call the public attention to such a deplorable situation before putting the 
blame on the observatory officials for having failed in forecasting the tsunami in time. A 
number of properly distributed and substantially built tidal gauges are needed right this 
moment. 

The Earthquake Research Institute of the University of Tokyo has been bent on the 
time-consuming efforts of fact-finding to the utmost of its capacity, ie., installing a tsunami 
recorder at Enoshima, Miyagi Prefecture, establishing an entrusted network of cine stations 
at Ofunato and Miyako, and setting up the brine-sensitive gauges at the Miyako bay also 
entrusted to the Miyako Meteorological Observatory, etc. We hear that such efforts have 
been paid to a great deal at the 1960 tsunami. In connection to this success which has 
been achieved by a far-sighted effort but by a very modest finance, we should like to hope 
that the government shows more enthusiasm toward this profitable project so that the 
disaster-ridden country of Japan could in the future look back on the grievous past with 
utter disbelief. 
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APPENDIX 
SOME ADDITIONAL REMARKS ON THE 
CHILEAN-EARTHQUAKE TSUNAMI 


Kiyoshi Horikawa* 


The mechanism of the tsunami which was generated on May 22, 1960, in Chile has not 


been explained definitely because of the complication involved in the phenomenon. 


SAN DIEGO. CALIFORNIA 


iif ain _Apporox. Hours G.M.T. at ie | 
8 10 12 14 & in 


Fig. 1 


HONOLULU. HAWAII § 


Feet 


Fig. 2 


* Assistant Professor of Civil Engineering, University of Tokyo. 


50 


Tsunami Recorder ERI-W 


ENOSHIMA , MIYAGI 


24- 25th MAY, I960 


18 2| Oa 3 
Fig. 3 


According to the data collected by the author in Chile during October and November, 1960, 
the ground level was elevated in both the northern and the southern parts of the earthquake 
zone, while in the central part it was subsided. The tidal records obtained along the Pacific 
Ocean coasts in Peru, the United States and Canada show, as indicated in Figs. 1 and 
2», that the first wave of the tsunami started at the flood. On the other hand, the tidal 
records obtained in Japan, namely at Enoshima (Fig. 3), show, quite to contrary, that the first 
wave started from the ebbs”. This discrepancy in the tsunami characteristics, observed on 
both sides of the Pacific Ocean, may probably be attributed to the different features of crustal 


movements which occurred at the northern and central parts of the earthquake zone in Chile. 


cm 
400 


300 


200 


100 


i 

-200 : i | Tsunami Record in HACHINOHE 
23-25 th MAY, 1960 

(HACHINOHE METEOROLOGICAL OBSERVATORY) 


I2 18 (e) 6 12 18 (e) 6 


pit 
alt t 
eam (CMA 


Fig. 5 Tsunami record in Hachinohe in Mar. 3~4, 1933 


It is rather difficult to determine the exact periods of the tsunami waves from the obtained 
records, since the gauge which was mostly installed inside a bay recorded the normal osci- 
llation of the bay induced by the tsunami as well as the tsunami itself. Figs. 4 and 5 are 
the tsunami records obtained in Hachinohe, Japan, in 1960 and 1933, from which you may 
recognize how difficult it is to distinguish the exact periods of the tsunami waves. A rough 
reading yields approximately 60 min. and 12 min., respectively. A Fourier analysis of 
these records is expected to shed light on the pattern of spectral ensemble of the tsunami 
in near future. 

Another point worth mentioning is the probable occurrence of the tsunami hazards. The 
Pacific Ocean coasts of Japan are confronted with the notorious outer earthquake zone in the 
northwestern Pacific, which is responsible for most of the great earthquakes and tsunamis 
along the northeastern coasts of Japan. Naturally, the Japanese engineers were quite alert to 
the tsunamis which arrive from such nearby epicenters. However, the tsunami hazards 
caused by the Chilean earthquake in May, 1960, convinced us that a tsunami generated at 
the other side of the earth could be as disastrous as the one born at the nearby ocean floor. 


(Fig. 6). 
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Fig. 6 Refraction diagram (after K. Yoshida.) 


From a careful study of old provincial records S. Ninomiya” has discovered at least 10 
tsunamis which came from South America and caused damages along the northeastern coasts 
of Japan during the last 380 years. Among them, 6 were generated in Chile, 3 in Peru and 
1 in Mexico. The author was informed by a Chilean engineer that he witnessed a tsunami 


which rose up to 2.4m above mean sea level at the Pier of Compania de Acero del Pacifico 
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in Concepcion on November 5, 1952, incidentally the date of the Kamchatka earthquake. 
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WAVE OVERTOPPING ON SEAWALLS 


Tojiro Ishihara* 
Yuichi Inagaki** 
Hiroshi Mitsui*** 


I. INTRODUCTION 


So far, criteria for seawall design have been based on the idea that the height of a sea- 
wall should be greater than that of wave run-up on the seawall face in order to protect 
the land area from erosion or damage due to wave action and flooding by preventing from 
wave overtopping completely. If such criteria are to be adopted, a very high and big body 
of seawall is required. Therefore, the scientific design should be made with consideration 
on the economical value of the background. From this view point, if a seawall is designed 
considering the economical effect and allowing overtopping which causes very few damages, 
the effective height of a seawall can be reduced. It is evident that the rate of overtopping 
becomes an essential factor in estimating dangerousness of the background and designing 
drainage facilities and pools behind the wall. 

The rate of overtopping is affected by many factors, such as characteristics of incident 
waves, type and location of seawall, wall height from still water level, roughness of wall 
face, coastal configuration, wind and others. No theoretical analysis on these factors has 
been conducted because of complicated phenomena of wave overtopping. In this paper, the 
relations between the rate of wave overtopping and the factors described above are plotted 
based on the experimental results with two different kinds of scales conducted at Kyoto 
University and the laboratory data taken at the Beach Erosion Board and the University 
of California in U.S.A. 


Il. EXPERIMENTAL APPARATUS AND PROCEDURE 


1. Experimental apparatus 

The tests were conducted in two dffierent apparatus ; one is the indoor wave tank at the 
Hydraulic Laboratory, Civil Engineering Department for the two dimensional analysis, and 
the other the outdoor fan-shaped wave basin at the Ujigawa Hydraulic Laboratory, Disaster 
Prevention Research Institute for the two dimennsional and especially the three dimensional 
analyses when waves attack the seawall obliquely. These wave tank and basin are shown 
in the references 1) and 2). 

The case of the indoor wave tank: The characteristics of the incident waves are 
tabulated in Table 1. The model of seawall was made of the plastics plate and the incli- 
nation of the wall face was changed in five cases; 20°, 30°, 40°, 60° and 90°. The height 
of the wall was variable with every 2cm for each inclination. The walls were located so 
that the water depths at the toe of wall were 0, 7 and 10cm and the breaking point with- 
out wall was to be observed in this region. 

The case of the outdoor basin: The heights, lengths and periods of the incident 
deep water waves were between 10.25 and 15.05cm, 136 and 264cm, and 0.935 and 1.300 
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Table 1. Characteristics of the incident waves for the case of the indoor wave tank 
es ran = ee sive ie a a a Se 


WaverNo: ee Boer are Leet ey S Pent Bae i 
1 6.70 219.0 "1.185 0.0306 
i 7.46 185.3 1.090 0.0402 
3 8.04 160.7 1.015 0.0500 
4 8.07 140.8 0.950 0.0573 
BS 8.26 L235 0.890 0.0668 
6 (ley AOL 0.840 0.0657 
4 7.24 90.1 0.760 0.0803 


sec respectively. The steepness of the incident deep water wave was changed in eight 
cases; 0.0389, 0.0507, 0.0610, 0.0728, 0.0827, 0.0904, 0.1055 and 0.1105 with the in- 
cident angles 45° and 90° for the vertical wall face. 


2. Experimental procedure 


In the indoor tank, the quantity of overtopping water was measured for the combinations 
of three cases of water depth at the toe of wall h, five cases of wall face inclinations 4, 
each elevation of the wall crest above still water level H, and seven cases of deep water 
waves. The data were taken mostly from the sixth wave to the tenth wave after the 
generated waves reached the wall and became steady. At the same time, the reflection co- 
efficient which may affect the rate of overtopping was measured by the Healy’s method”. 
Moreover, the ‘high speed cinecamera was used to observe the condition of wave over- 
topping on the wall. 

In the outdoor wave basin, the experiments were conducted in the same manner as in 


the indoor wave tank. 


Di. EXPERIMENTAL RESULTS AND ANALYSIS 


1. Reflection coefficient 


Fig. 1 shows an example of data on the reflection 
Slope of Wall Face 


Oo 4o° He/Le= 0.0573 
60° h/Le= 0.0497 
45° _ 
30° 


coefficient which are plotted against the ratio of the 


elevation of the wall crest above still water level to 


the deep water wave height H,/H, with a parameter 


of the wall face inclination. It may be concluded 


from the figure that H,/H, does not affect the re- 


flection coefficient very much, and especially when 


Reflection Coefficient (¢/c) 


H,/H, is small, it is governed by the type of wall 
face rather than H,/H,. 


2. Rate of wave overtopping for vertical wall face 


0 4" 20)8 


The case when the incident waves attack per- oy PG mie 7) 20 £0 
Cc o 
pendicularly to the wall: In analyzing the experi- fig. 1 Relations between the reflection 
mental data for both indoor wave tank and outdoor coefficient and H./Hy with a para- 


3 : meter of the wall face inclinati 
wave basin, the Beach Erosion Board data’? were ad- aE hae 


ditionally adopted to examine the scale effect. Of importance is how to express the rate 
of wave overtopping dimensionlessly so that the results of model experiments can be applied 
to the prototype of shore structures. Saville and Caldwell’ established a dimensionless 
expression for the quantity of overtopping water by taking the ratio of the energy in the 


overtopping water to the energy in the incident wave. 
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Potential energy in the overtopping water 0 g9gQH, 8 QH, 
Total energy in the deep water wave SRO floc ckdg leys 


een: (1) 


in which Q is the volume of water overtopping the structure per wave period. This di- 
mensionless expression is based on the idea that a part of the energy in the deed water 
wave transfers the potential energy in the overtopping water. However, Eg. 1 is not ap- 
plicable to represent the quantity of overtopping water when H,=0 because Eq. 1 includes 
al 

In the present paper, the ratio of the quantity of overtopping water per wave period to 
the quantity of water moving onshore per wave period is taken instead of Eq. 1 so as to 
make it applicable even when H, is zero or less than zero such as a submerged structure. 

Taking the z-axis along still water level in the direction of wave propagation and the 
y-axis upwards and vertically, the horizontal velocity of water particles at x=L,/2 in the 


small amplitude theory for deep water wave is 


2a 
w= Ae em" sin (2 at ) EACRIOR ; JOE as aa ae (2) 


On the otherhand the volume of water passing onshore through the vertical plane belt of 


unit width at x=L,/2 per wave period Q, is expressed, using Eq. 2, as 


Ree (B12 JES Ta: (Aime 2 Tae 2a 2x HL 
= = peas wow Gi ag ey eee 7s to acres cee ) 
OQ | Jk udydt | zi mk sin( « a 1 )aya( a t a GBe 


Therefore, the dimensionless expression for the quantity of water overtopping the seawall 


per unit width of wall and per wave period Q is written in form of 


a 4 WT. pi 5 0) 9 (4) 02 | aa door We ve Tank 
Since the quantity of water over- ice | h/Le 
topping the vertical wall is concerned | a Pepi 
with the characteristics of deep water 005 | © 00457 
wave, the water depth at the toe of mae B.E.B. HofL.=0.0286 
the wall A and the elevation of the H,L. | { | h/Le 
wall crest above still water level H,. x Bi | Vo ss AED: 
Q/Q, will be put in form of @ 0.0429 
O 220 0.01 
G binre | 
0.005 
ae ee See 
Fig. 2 shows an example of the di- eh 4 | 
mensionless plots of the data taken in im LU | 
the indoor wave tank and by the : i 4 | 
Beach Erosion Board based on Eq. 5. A 
In general, if the wave breaks on | J r 
the wall face or in front of the wall, Ot 05 io ¥ 24s eto 


He/ Ho 
Fig. 2 Plots of the dimensionless quantity of over- 
topping water 2% Q/H,L, against H,/H, with a 
even when H, is quite large. It is parameter of h/L, for the cases when H,/L)= 
0.0306 and 0.0286 


water splashes so high on the wall 


that wave overtopping is observed 


seen in Fig. 2 that when A/L, is 


large, the value of 22zQ/H,L, increases rapidly with decrease in H,/H,, and on the other 
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hand, when h/L, is small and therefore breaking wave overtops the wall, 22 QO/H,L,in- 
creases slowly with decrease in H,/H,. This fact will be caused by the effect of splash 
mentioned above. ( \ 

The relation between the relative height of the wall H,/H, and the shallowness h/L, is 
shown in Fig. 3 with a parameter of 22 Q/H,L, for the case when H,/L, is approximately 
equal to 0.07. The solid lines in Fig. 3 represent the mean lines drawn smoothly for each 
constant value of 22Q/H,L, considering the tendency of change in the H,/H,—h/L, re- 
lation with change in wave steepness. Fig. 3 shows that the maximum relative heights ot 
the wall are located at the left side of the breaking point obtained from the Breaker Index 
denoted as B.P. (at the shallower position than the breaking point), and that the convex 
curve becomes sharp with decrease in 22 Q/H,L,. The characteristics of wave overtopping 
for other steepness are quite same as those shown in Fig. 3. As is seen in Fig. 2 and 3, 
the experimental results obtained by the authors using the comparatively small models are 
approximately in agreement with those for as large scale model as the shorestructure in the 
field by the Beach Erosion Board. This fact is considered to verify the validity of the di- 


mensionless expression for the quantity of overtopping water described previously. 


Hoflo= 0.0 7 
® Indoor Wave Tank 
® OutdoorWave Basin 


0 0.05 0.10 O15 0.20 
h/Le 


Fig. 3 Relation between H,/H, and h/L, with a parameter 
of 2xQ/H,L, for the case when H,/L, is approxi- 
mately equal to 0.07 


It is found from the experimental results that the water depth at the toe of the wall is 


the most important factor which governs the quantity of overtopping water if the character- 
istics of deep water wave and the elevation of the wall crest above still water level are 
constant. In other words, for existing seawalls the water level which changes due to tides, 
wind set-up, seiches and others plays an important role to overtopping ; therefore, the de- 
termination of water level becomes an important problem for design of actual seawalls. In 
customary design, the water level obtained by adding the past maximum deviation to the 
mean high water of spring tide is used as the design high water level. If, however, the 
seawall is designed to prevent from wave overtopping completely for the past maximum 
high water level in the storm tides which attacked often the Japanese coasts recently, a 
very high seawall is required and its construction is impossible economically. Consequently 
based on the idea of allowing wave overtopping to some extent, the storm tide will have 


to be treated from view point of the economical effect. 
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As the design flood in river planning at the present day, the statistical treatment of 
water level becomes necessary for design of the seawall too. In this case a lot of past 
data on storm tides are required such that a number of past data on flood are required for 
the study of flood statistics in hydrology and river engineering. Since for past ten years 
destructive typhoons attacke Japan every year and caused enormous damages due to storm 
tides here and there along the coast, the whole tide stations in Japan were improved rapidly, 
and precise data are being taken. Therefore, the statistical treatment of the data became 
possible. In Japan, the noteworthy reports on the statistics of storm tides were published 
recently by Miyazaki? and Kishi” using the new data. 

The case when the incident waves attack obliquely to the wall: For the case when 
the incident waves in deep water attack by 45 degree to the coast line, the experimental 
data taken by the authors in the outdoor wave basin are analyzed. In expressing the 
quantity of overtopping water in dimensionless form, as the incident waves refract until ar- 
riving at the coast, the wave at the position of the seawall must be transfered to the 
equivalent deep water wave which is assumed to “progress straight shoreward, and the 
quantity of overtopping water must also be transfered to that per unit length of the wall 
perpendicular to the direction of progression of the equivalent deep water wave. Using the 
equivalent deep water wave height H,’ instead of H, and letting the quantity of overtopping 
water per unit length of the wall be Q sec a@, the dimensionless expression for the quantity 


of overtopping water for the case of oblique attack of wave is written as 


OD pte «Zin QO seca (6) 02 


Oe ee ee et gees 
in which @ is the incident angle, K 01 an) 
the refraction coefficient, and the prime ia © 0.01/90 
represents the equivalent quantity to @ 00360 
; ee ae © 0.0531 
the case when the wave progresses @ 00701 
perpendicularly to the wall without ® 0.0390 
refraction. Figs. 4 and 5 are the re- orgs 

: KHeLo 
lations between 2z2zQseca/KH,L,, | 
H,/KH, and h/L, for the constant 001 
values of KH,/L, corresponding to - 
Figs. 2 and 3. In this analysis, the 0005 
refraction coefficient K and _ the inci- ie | 
dent angle @ were obtained by the tL | 

: 

small amplitude wave theory, and L 
these values in the shore side beyond 4 | | 
the breaking point were aponnad to “ata i | le 
be equal to those at the breaking 

: o 

int K, and dz. 
ie ‘ e 0.0005 

Although the experiment was con- Of 0.5 LO 5 
ducted for only the case when the He/K He 
Ter Fig. 4 Plots of dimensionless quantity of overtopping 
incident angle of deep eG awa’ water 2zQ sec a/KH,L, against H./KH, with a 
was ANDY as the incident angle of wave parameter of h/Z, for refracting waves when 

KH,/L,=0.03 


at the position of the seawall was ap- 
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proximately between 20° and 40°, Fig. 5 can be applied to the wave with the incident angle 
of this region on the beach. 

It is seen by comparing Fig. 5 with Fig. 3 that the quantity of overtopping water shown 
in Fig. 5 is less than that shown in Fig. 3 in every case. The cause of reduction in the 


quantity of overtopping water will be explained as bellow. 


0 005 0/0 0/5 020 


Fig. 5 Relation betwent H,/KH, and h/L, with a parameter 
of 2xQ sec a/KH,.L, for refracting waves when 
KA,/L,=0.07 

When the incident wave strikes the wall obliquely with a certain angle and runs up the 
wall face or splashes on the wall, water particles have the velocity component in the lateral 
direction due to the oblique incident wave. Therefore, a part of wave energy to serve 
overtopping runs away along the wall, and then the quantity of overtopping water is re- 
duced compared with that in the case of right angle incidence of wave. Reduction in the 
quantity of overtopping water is much in the onshore region beyond the breaking point 


rather than in the offshore region from the breaking point. From this fact, on the coast 


where the incident direction of wave is limitted such as 02 
the coast in the bay having a narrow opening, the cost Ho/Lo= 0.0306, h/L. =O 
of construction may be saved if deciding the height of 01 a 6 
wall by Fig. 5. It should be noted, however, that if OS ) gO" 
there is an obstacle, such as a jetty, in front of the wall, 0.05 ine a on 
the quantity of overtopping water increases locally at that to laser 
position. In this case, the height of the wall must be in- 27Q WLLL © ) 20° 
creased in the vicinity of the jetty. Ho Lo 4+— a 
3. Rate of wave overtopping for inclined wall face mi rat 
Fig. 6 is an example of the dimensionless plots for ex- 0.01 + | 
perimental results by the indoor wave tank and represents | 
the relation between 22 Q/H,L, and H,/H, with a para- 0.005 beh 
meter of the slope of wall face 6 for constant values of i ze oI 1 
Fis. and hj ee «Lhe, plotion. 41 /H, against 6 . with: the Lal La i =i 
parameters of 22Q/H,L, and h/L, for a constant value ry] | — 
of H,/L, is shown in Fig. 7. This figure contains the likely Vy 
Beach Erosion Board data on smooth slope of 1 on 1.5, 0.001 ip | 
1 on 3 and 1 on 6. FH “| i. : 
It is found from the experimental results refering to 0.0005 , it 
: ; ; : 02 05 Moto 2 
Fig. 7 that (1) in the case when the wall is located on He/Ho 
the beach line, that is h/L,=0, the effect of 6 is not Fig. 6 Dimensionless plois of 


; : the quantity of overtopping 
much though the quantity of overtopping water becomes water for inclined wall faces 
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maximum when @ is approximately 30°, and this result is independent of the steepness 
F1./L,; (2) in the case when the wall is located a little shoreward from the breaking point 
obtained from the Breaker Index, the quantity of overtopping water becomes maximum 
when @ is approximately 30°-45°; (3) when @ is less than 20°, the quantity of overtopping 
water is reduced rapidly with decrease in @ in the case when the wall is located in the 
vicinity of the breaking point, and is less than that for the vertical wall. 


' 3.0 


2 lshjetles Tak 
o= 005 
att O66 © 0/36~0/95 © 005 h/Lo = 0.08049 


@ 0/0 ® O 


oO 


Fig. 7 Effect of the wall face slope, the height of wall and the 
water depth at the toe of the wall on the quantity of 
overtopping water 

These results can be explained as follows. In the case of a vertical wall, water particles 
move up and down in front of the wall. Therefore, the quantity of overtopping water is 
relatively not much because less water flows over the wall crest resulting from the head 
difference between wave and wall crests or splash having small horizontal component of 
water particle velocity. Contrarily in the case of a sloping wall, the quantity of over- 
topping water is more than that for a vertical wall because the landward horizontal com- 
ponent of water particle velocity on the wall face is considerably large. If, however, the 
slope of wall face becomes smaller, as the distance of wave uprush becomes larger and 
much energy dissipates due to friction, the quantity of overtopping water decreases. When 
wave arrives at the wall after breaking, the quantity of overtopping water decreases so 
much because wave energy decreases before run-up or splashing due to impingement to the 
wall. Considering only from view point of wave overtopping, it may be concluded that a 
nearly vertical wall or the sloping wall with the angle of less than 20° is best. However, 
consideration of bed scour in front of the wall is necessary if a vertical wall is adopted. 
On the other hand, if the sloping wall with small angle is adopted, the cross-sectional area 
of the wall becomes large, and therefore, the cost of construction is much though the scour 
problem at the toe of wall does not occur, and wave force acting on the wall is smaller. 
Conclusively speaking, a vertical wall or a similar type wall to it is the most effective from 


view points of wave overtopping and construction cost if the foundation is of safty for 


scour and subsidence. 
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IV. CONSIDERATION ON THE EXPERIMENTAL DATA OF THE 
BEACH EROSION BOARD AND THE UNIVERSITY 
OF CALIFORNIA 


1. Effect of sectional type of wall 


The height of deep water wave and its period used in the test at the Beach Erosion 


Board” were from 90 to 360cm and from 2.96 to 15 sec respectively. In this experiment, 


PN of seawall models tabu- Table 2. Test models of seawalls used by B.E.B. 
lated in Table 2 were tested by aes 
Type of wall Description of test section 
setting on the 1 on 10 slope beach 3 
Vertical Vertical wall 


as was done by the authors. For 


Type I, in addition, the case of 1 ‘ 
on 25 slope beach was tested to - 
disclose the effect of beach slope. nt 

An example of the dimensionless IV 
plots of the data for each type of iM 


Curved-faced wall (Galvestion type) 


Same as Type I) except that the beach 
slope is 1 on 25 


Recurved wall 

1 on 3 smooth slope 

1 on 1-1/2 smooth slope 

1 on 1-1/2 slope, step-faced wall 


1 on 1-1/2 slope, riprap cover 


the walls in Table 2 is shown in 


Fig. 8, in which no data for Type II are plotted 


because they were not taken in the case 


when H,/L,=0.0286. The experimental curves of Type V and VI are separated for 3 ft 


and 6 ft wave heights, and the dotted lines in Fig. 


Ho/Lo= 9.0286 
ww Type of Wall 

6= C0450 
h/L <a O Vertical 
© Type Lio 
Tas 


(2) 


H</ Ho 
Fig. 8 Comparison of the quantity of overtopping 
water for various cross-sectional types of 
wall 


8 represent those for 3 ft wave height. 
It is concluded from Fig. 8 that; (1) 
The quantity of overtopping water in- 
creases with decrease in the height of 
wall for all types of wall; (2) The 
Type I wall is not effective to over- 
topping when the wall is very high, but 
effectiveness increases quickly with de- 
crease in the height of wall compared 
with other types of wall; (3) It is seen 
from other plots of data for different 
wave steepness from that shown in Fig. 
8 that the effect of recurved top in 
Type II on overtopping is remarkable 
compared with Type I; (4) The Type 
IIL is more effective than the Type IV 
wall expecially when the wall is high ; 
(5) The Type V_ wall is more effective 
than the Type IV wall of which the 
face slope is same as that of the Type 
V_ wall except when the wall is very 
low; (6) The Type VI wall is much 
more effective than the Type V wall for 
all cases of the wall height; (7) For 


Types V and VI walls, the effect of relative roughness can be found; that is, the dimen- 


sionless quantity of overtopping water for 3ft wave height is less than that for 6ft wave 
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height in the case of the same scale of the wall face roughness. This problem is discussed 
in the next article. 


2. Effect of wall face roughness 


In this article, Sibul’s experimental results? are analyzed. The slope of wall face of the 
seawall models used in his experiments were 1 on 2 and 1 on 3, and as a roughness, strips 
having a rectangular cross section of 1” width and 1/4” height were arranged with a pitch 
of 3-1/2”. The quantity of overtopping water in the case when the elevation of wall crest 
is below still water level was measured under the condition that water level in the land- 
ward side of the wall is same as that in the seaward side. Fig. 9 represents an example 
of dimensionless plots of Sibul’s data, in which & is the equivalent sand roughness of the 


wall face obtained by the Johnson’s method for open channels. 


1.0 
Ho/| o— 0,0530, hiLo = 0330 k/He 


0.01 


0.001 
sd 6) 1 


He/ H, 
Fig. 9 Effect of wall face roughness on the 
quantity of overtopping water 
As is seen in Fig. 9, the effect of wall face roughness on the quantity of overtopping 
water is remarkable when the effective height of wall H, is large. However, when H, is 
small, the effect of roughness disappears, and moreover when the wall becomes submerged, 
the quantity of overtopping water for the case of the rougher wall face tends to be more 
than that for the case of the other wall face. Further interesting fact is that there exists 
the critical wall height for the maximum quantity of overtopping water, and this value is 
0.1-0.2 independently of the wall face roughness. 
3. Effects of top width of wall, parapets and wind 


The effects of the top width of wall and parapets were investigated by Sibul® and Sato 
and Kishi”. The interesting fact found from Sibul’s experimental results is that the effect 
of the top width of wall is remarkable when the height of parapet is greater than about a 
half of the incident deep water wave height. 

The experiments on the effect of wind were conducted by Sibul and Tickner™. It is 


found by comparing their experimental data on overtopping of wind-generated wave with 
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those presented previously by the authors that the smaller the slope of wall face, the more 
the effect of wind on overtopping. However, the experimental results can not be applied 


to the field quantitatively unless the hydraulic similitude on the effect of wind is made 


clear. 


V., CONCLUSION 


The effects of many factors which are considered to be concerned with the quantity of 
overtopping water have been discussed based on the experimental data presented by the 
authors, the Beach Erosion Board and the University of California. In analyzing the data, 
the authors have proposed a new dimensionless expression for the quantity of overtopping 
water and verified its validity by using the data for the various scales of the test models. 
It has been found from the analysis of data that one of the most effective factors on over- 
topping is the water depth at the toe of the seawall. It is needless to say that in applying 
the experimental results to the field, in addition to the water depth at the toe of the wall, 
the effects of the cross-sectional shape of wall, the coast and wind characteristics and other 
factors on wave overtopping must be considred as carefully as possible. 

The authors are greatly indebted to the earnest assistance of Messrs. T. Sawaragi and H. 
Tsunashima. The present study is a part of the authors’ study supported by the Science 
Research Expense of the Ministry of Education and thanks are due to the Ministry of 


Education. 
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A STUDY ON THE VOLUME OF LITTORAL DRIFT 


Yasuo Mashima.* 


I. INTRODUCTION. 


The coast materials such as soil, sand, gravels and rocks will be continuously attacked by 
the force of the motions of sea water. If the active force surpasses the resistant force 
against the translation of the coast materials, the littoral drift will occur along the coast. 
As the author indicated in the previous report”, the motion of sea water arising the littoral 
drift includes the ocean current, tidal current and waves, the change of which effects com- 
plicatedly to the situation of translation or littoral drift. |The translation of drifts take place 
in suspension, sliding, rolling, salation, etc. and they are combined each other according to the 
situation of coast, season, time and the materials. Accordingly the littoral drift at any 
position of coast will have to be characterised respectively. At the general coast, there are 
rip current drift or undertow drift, on-shore drift and long-shore drift with respect to the 
direction of translation. The long shore drift is classified into the right or left set drift 
facing to the offshore on coast. 

Furthermore according to the position of drift there are breaking point drift, surf zone drift, 
offshore drift which includes normal beach drift and storm beach drift, rocky beach drift, 
and sandy beach drift. Generally at any coast, namely not only on the sandy beach, but 
also on the rocky beach there are littoral drift, and the deposit or the erosion of coasts will 
be occurred by the balancing relation of the supply and the outflow of coast materials. 
Under certain circumstances the balance will be established, or lost to develop the sandy 
coast by the deposition and the rocky beach by the erosion. If the sand beach maintains 
its figure and position during a long period, that is, any erosion or deposition will not be 
recognized at all, we can say that the coast is stable, because the relation between the inflow 
and the outflow of coast materials is balanced, but the sand particles themselves are contin- 
uously translating with the motion of sea water. . As the translations of drift sand arise in 
the direction of the normal or the parallel to the coast line, the slope of the coast section 
and the plan figure of coast line are maintained as ever at any stable coast. The rocky 
coast where does not exist almost any movable materials can be recognized to be stable, since 
it does not change its situation and figure, but that is the case the outflow will be usually 
greater than the inflow. At such coast the sand deposit is occasionally developed according 
to the change of coast circumstances. 

Moreover the diameter of the coast materials varies from that of very fine silt to that of cobble 
and these specific gravity varies from that of volcanic ash to that of iron sand, but the principal 
specific gravity is about 2.65, that is the value of common terrestrial rock. Drifting sea weeds 
or woods ete. are also translated or deposited and drift. The combination of the diameter of 
these drift sand has an approximately logarithmic normal distribution, so they have been effected 
by the sorting process. Namely the particles that have the diameter and specific gravity of 
the coast material lower than the certain limit will be translated and the higher will not be 


removed according to the motion of sea water. This limit will be influenced by the figure 
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of particles, specific gravity, temperature of sea water, etc. If the state of littoral drift 
is provided, the limit of moving particles will be decided by a certain factor expressing 
the motion of sea water. That is to say, there are the smallest state of motion of sea water 
or the combinations of ocean current, tidal current and waves that can move the define 
particle will be exist according to each sand particle which has a definite diameter, specific 
gravity, figure, etc. respectively. Excluding the ocean and tidal currents, the motion 
will be able to be repesented by the critcal wave. The critical wave of a sand particle will 
decrease certainly along the coast prevailing the strong ocean current and tidal current. And 
then the critical wave of a sand particle will vary according to the state of littoral drift, that 
is, the position and the direction of littoral drift. For example the critical wave concerning 
the breaking point drift will be smaller than that concerning the surf zone drift. And the critical 
wave of rocky beaches is so very large that the beach cannot be transformed by the ordinary 
waves. But it is not yet sufficiently distinct that the critical wave described here is to be 
expressed by some factors which are to be decided hereafter. There are several methods, that is 
the critical wave is expressed by (1) the combination of wave height, wave steepness and 
period of wave, (2) the energy and steepness of wave and (3) velocity of longshore current. 

In the above mentioned report, the author showed the limit of mean diameter of coast sand 
by the parameter of the velocity of longshore current. Johnson”, Caldwell, etc. showed 
that the volume of littoral drift depends upon the longshore component of wave energy and 
the wave steepness. In addition, the waves at coast have no uniform wave height and 
period. The wave height will increase by the strong wind and the direction of wave 
propagation varies by the wind while the wave height will decrease by the weak wind. Such 
wave motions will be complicated by adding the periodical tidal current, ocean current 
and longshore currents. So the motion of sea water is the repetition of unsteady states and 
the accumulation of coast material is the layer of every diameter of sand. Accordingly 
the formation of the sand layer at coast will depend upon the strength of variation of waves, 
wave duration and the history of the coast. The development and the decay of waves 
depend upon the wind, that is, the variation of wind velocity, wind duration and the maximum 
wind velocity. These waves will be transformed by the submerged dikes, rocks, breakwater, 
coast topography and the water depth. These transformations will have influence on the 
stratum of coast sand, the volume of littoral drift and the critical waves. 

On the above mentioned fundamental idea, various observations have been carrying out along 
the coast of Tokyo Bay, Miura Peninsula and Boso Peninsula from July, 1957. In this 
report, the relations between the supply and erosion of coast sands and the wind data 


observed at the coast Matsusaki, Yokosuka City are principally described. 


If. INVESTIGATION COAST, 


Matsusaki Coast between Isemachi and Mabori, Yokosuka City, is located near Cape Kannon 
at the entrance of Tokyo Bay as shown in Fig. 1 and Fig. 2. This is a sand beach of about 
215 meters stretching between rocky points. Behind this coast, there is a road tunnel on the 
way from Yokosuka to Cape Kannon and Uraga which is penetrated in a soft rocks 
covered with thick sand strata and thin pebble layers. On this hill, the Deference Academy 
is situated. On 27 June, 1957, a heavy rain brought with Typhoon No. 5 overflowed from 
the concrete out-fall sewer on the hill and scoured so disastrously the sand layers that there 


formed a deep erosion valley and the mud flow from the valley fell to the coast from 
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Photo. 1 Alluvial cone at Matsusaki Coast, July 1, 1957. 
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Phote. 2. Alluvial cone at Matsusaki Coast Aug. 26, 1957. 


about 6 meter height soft rock cliff under the sand layers and deposited a typical alluvial 
cone as shown in photograph 1 and 2. 

Since that time, the constant sewage quantity from the purification tank flowed down inter- 
mittently from the demolished sewer, as if a constant water flowed out from the sand layer, and 
accelerated the erosion of the valley and the formation of the alluvial cone. In September 1957 
a temporary sewer was completed, therefore the erosion of the sand layer ended, but the 
eroaded materials of the cone flowed out to the coast. After the sewer was completely 
established in May 1958, the erosion of the strata and the cone by the sewage had stopped, 
but the beach line of the cone is being eroded by the attacks of sea waves and the surface 
of the cone is being weathered by the winds and rains the source of the littoral drift. 

These circumstances were the actual examples of the hill side erosion, the formation of an 
alluvial cone, the supply of littoral drift by the repetition of river floods and the coastal 
erosion. The author is continuing many investigations on this coast immediately after 
Typhoon No. 5 in cooperation with the Soil Mechanics Laboratory, Civil Engineering 
Institute, Defence Academy, in order to investigate the relations mentioned above. 

At present, about one year has passed, so the formation of the alluvial cone and its 
erosion are described here. The distribution of the sand strata at this coast is shown in 


Table 1, 2 and 3, which were collected at No. 1, No. 2 and No. 3 of Fig. 2. These soil 


Table-1 No. 1 Remain Rate on Sieves 


Sieve size No. 1 | No. 2 | No. 3 | No. 4 | No. 5 | No. 6 | No. 7 | No. 8 | No. 9 Remarks 
4.8mm = TSS = he otal tt ten | Jan. 27 
2.0 es 0:17 |, “0.59 | 0:27) 25595), eas | 3.12] 0.39 | 1.29) 1958, 

0.85 | 0.11%} 3.06] 2.58] 4.24] 20.69] 13.25] 2.97] 7.31] 13.64| Off shore 
0.40 | 10.06 | 14.45 | 23.30 46.54 | 43.62| 26.86 | 15.32) 21.15] 19.12| 30m from 
0.25 | 45.78 | 28.55 | 26.65] 29.64| 19.04] 27.01 | 30.61| 33.04] 13.91] base line 
0.11 | 42.20 | 44.97] 43.66| 18.05 | 13.15 | 26.96] 43.00} 31.87] 29.89] No. 4. 
0.075 | 2.10 | 279) 2.25 Le SESS One EN eS) Cathe) —B26)|  Bse 
Below | 0.06: | 0:40} "O0) 70713 |. ©. 10) 23241) 90230%)) =.3850N Nt Io 
Mean Dia 0.265 | 0.234 0.272} 0.404) 0.54] 0.35 | 0.255 0.294 0.235) mm 
Une | 2.26 2.48%) S250) 922 940|e = Se 20i||)  SuOul mean |) mee O ul menbeed a mean cen 
Thickness | lem | 1 1 1 12 4.8 5 5 5 
Depth from | 1 | 2 = | 
eine em | 2 3 | 4 ([ eRere 10.0 15 | 20 25 
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Table-3 No. 3 Remain Rate on Sieves (Oct. 18, 1957) 


a “(00 00 ELE SS — 
Sieve size No. 1 No. 2 No. 3 No. 4 No. 5 | No. 6 | No. 7 | No. 8 
4.8mm _ gravel | 0.84% 
| 2.67% 4.70 Bee 
2.0 | 1.83 4.7 2.0 0 
0.85 | 5.86 14.59 7.49 0.301 0.2 0 0.106 OFZ 
0.40 sand | (oon) doo |) Sli. 25.99 | 13.021 93.0 ia) On 5.28 6.191 Bae 
0.25 | 11.46 | 25,43 || 34,072 12.11 PERT 27.01 | 26.441 48.84 
0.11 20.46 | 16.36 | 44.034 66.0 61.8 60.52 | 58.778 45.15 
0.05 | 
0.075 Silt rarer 1Be43 48950 2.88 | 0.406 VAG) 5) 6.9 6.00 5.943 0.44 
0.005 | 
Below Clay ea | 5.0 2.0 1.19] 2.541 
0.001 | 
Specific gravity Pied ie Ph infcak 2.920 Ate ZelOo eee Patepilah 2.793 
Mean Dia. 0.14mm | 0.36 0.27 0.15 0.23 0.21 
Uniformity coefft. 22.5 | 14.6 20.0 aes 2.06 
investigations are only a part of the detailed i 


data of the coast geology carrying out now. 
Fig. 3 indicates that the sand neighbouring the 
beach line consists of some layer of several centi- 
meter thickness from the surface this fact points 
out the remarkable sorting process of waves. 
In Fig. 3 the sand diameter of the lower part 


from the surface is more large. This is due 


Depth from surface 


to the sorting processes” 


Fig 4 shows that the soil behind the coast is sandy 


strata consisting of fine silt and sandy loam with 


some clay, but the soil of the alluvial cone that @ : Uniformity Coefficient 


= iamet 1 
was formed by deposition of eroded soil by water Ont ie REP Pose Sire 


Fig. 3 


flow consists of sands without fine part. When 
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the soil of cone at coast is attacked by wave actioon, it has a special strata by the different 


sorting process from the one of flow water. 


Ul. FORMATION AND EROSION OF THE ALLUVIAL CONE. 


As explained in the preceding chapter, the alluvial cone has been formed by the deposition 
of the eroded materials that were arisen by the flood flow of Typhoon No. 5 and the outfall 
from the sewage purification tank, and its growth was intermittent. When the flow was 
large, a small gulley developed on the cone surface and deepened its depth, but decreasing 
the flow quantity, the gulley lost its depth and the water flowed over its sides and flattened 
the cone surface. Every gulley from the outflow point has a different direction which 
distributes all direction uniformly on the cone surface and the cone gradually grew up. 

The sewage volume from the purification tank was 25 ton every time and the mean number 
of the automatic valve opening was 28.96 daily, so that the flow quantity was about 721.6 
ton per day. The max. number of flow times in a day was 49.7 and min. 14.7. The hill 
sand strata was eroded by this flowing out sewage from June 27, to Aug. 15, 1957 and the 
volume of the lower alluvial cone was increased. Since then the temporary sewer was completed, 
the deposited soil of the cone eroded by the sewage without any hill soil. If the erosion 


valley was assumed approximately a cone having its base area of the valley 1816 sq. m and 


max. depth 29.5m, the eroded volume of the hill measured from the topographical map (Fig. 


Table-4- TOTAL VOLUME (cu.m.) (Between A-9) 
3 No. of Max. | Above Above Above Above Above Above Above 
ate _—————————— 

; day | height | —1.0m | —0.5m 0m 1.0m 1.5m 2.0m 3.0m 
jade 26 0 6209.76 | 3291.26 1802.51 559.75 265.00 94.25 4.50 
July 23 26 | 4.0179 3728.94 2153.68 1152.83 183.58 
24 Zia lane t6o 2403.78 1326.15 232.18 
25 28 | 3.919 13636. 74 9709.99 3949.36 2230.61 1120.81 152.61 
26 29| 5.384 4697.79 2893 . 26 1643.76 300.16 
29 32.) 0.609) 15780.48 | 11567.23 Bayt aa ts) 3692.73 2344.48 758.33 
30 "3)3) tae 11453.09 5581.79 3708.54 2350.85 748.35 
sil 34 | 5.678 11794.72 5757.22 3849.47 2467.54 818.79 
Aug. 1 35, || 5.692 11894. 27 5906.77 3942.27 2513.88 813.17 
Z 36) |b 102 5680.74 3778.49 2386.09 714.64 
6 40 | 4.591 12434.55 6220.30 4150.55 2639.03 812.13 
ri 4) 555925 12707.22 6272.47 4164.72 2657.05 858.31 
8 42 | 6.134 6681.16 4502.41 2941.05 1072.49 
9 43 6.112 6777.51 4497.08 2877.53 989.53 
12 46 | 5.952 18352.90 | 13738.40 6894. 28 4599.44 2939.88 987.28 
ile) 49 | 5.938 13732.16 6903.91 4660.31 3029.81 1072.93 
16 50 | 5.984 14056.31 7136.81 4816.80 3151.98 1149.73 
20 54 | 6.160 6915.86 4598.92 2902.89 880.94 
Oct Z O79 53997 6049.77 3964.89 2449.79 741.04 
Nov. 1 127 | 5.932 12797 .73 6387.73 4398.23 | 2919.42 pala heyaulzg 
Dec. 6 162) || 3.937, 6221.82 4294.55 2830.80 1034.93 
26 182 | 5.976 12571.46 6258.46 4330.08 2889. 20 1079.02 
sn caf 214 6.034 16635. 57 12266. 82 6102.32 4231.74 2813.49 1052.51 
Mar. 1 247 6.085 6303.42 4413.29 2757.02 1009.93 
Apr. 1 278 | 6.099 12038.00 6112.25 4234.50 | 2821.75 1031.50 
17 294. 6.101 6037.67 4143.07 2748 .32 978.95 
May. 7 314] 6.143 11502. 27 5784.77 BOUT .at 2626.95 957.95 
June 4 342 | 6.058 10992. 83 5379.33 3613.89 2292.58 729.65 
July wv 370 | 6.050 | 20880.14 | 15479.89 | 11438.89 5764.39 3952.44 2590.19 949.19 
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Table-5 TOTAL VOLUME (cu.m.) 


(Between A-5) 


Date Above Above Above Above Above Above 
€ —0.5m 0m 1.0m 1.5m 2.0m 3.0m 
aes 26 1656.76 973.01 BSanho 166.00 62.75 4.50 
July 23 2458. 64 1477.63 831.13 131.88 

24 1758.53 1015.90 184.43 

25 8308.67 6064.92 2647.92 1626.92 850. 92 114.47 

26 3349.04 2079.79 1230.29 237.54 

29 10137.71 7653.46 3979.46 2722.46 1790.21 624.56 

30 7629.61 4036.61 2796.86 1854.76 643.51 

31 7926.43 4178.68 9210.68 1952.88 679.03 

Aug. 1 7945.17 4266.67 2956. 67 1957.83 680.58 
2 4060. 66 2783.16 1806.51 566.31 

6 8467.70 4546, 45 3128.70 2049.8 672.90 

a 8705.55 4603.55 3149.55 2076.25 716.98 

8 4751.89 3284.39 2199.40 841.34 

9 4721.46 3245.21 2162.81 809.81 

12 11555. 67 8821.67 4687.92 3223.67 2130.41 767.66 

15 8727.37 4640.37 3252.62 2190.02 828.89 

16 SOOO male 4827.40 3364.40 2274.13 817.13 

20 4769.39 3273.89 2145.51 723.06 

Oct. 2 3836.57 2600.14 1664.79 540.04 
Nov. 1 IDA 4151.81 3017.56 2120.62 900.62 
Dec. 6 4028.04 2926.17 2050.42 845.30 
26 7344.00 3993.75 2925.37 2078.99 886.25 

1958 

Jan 2 9oTI5Z TS nail 3889.52 2840. 64 1993.14 825.66 
Mar. 1 3876.16 2817.78 1954.26 790.42 
Apr. 1 6968. 40 3904.15 2878.15 2022.90 810.90 
17 3764.77 2709.02 1868.52 708.52 

May 7 6551. 41 3625.66 2649.66 1853.22 756.49 
June 4 6177.83 3270.08 2320.14 1544.33 542.90 
July re 8741.23 6556. 23 3610.73 2619.98 1812.48 748.98 


5) of the erosion valley was 

1816 x 29.5 x 1/3 = 17857 = 18000 cu.m. 
Since Typhoon No. 5, the variation of the topography of the alluvial cone was measured 
repeatedly by the longitudinal and transverse levelling referring a base line set parallel to the 


coast. From this survey, the deposited volume and the slopes of the cone were estimated, 
the results are tabulated in Table 4, 5 and 6. 


The cone volume over —0.5 meter on Aug. 12, 1957 was 
18352. 9— 3291.26 = 15061.64 cu.m. 

The cone volume over —1.0 meter on July 2, 1958 was 
20880. 14—6209.76 = 14670. 38 cu.m. 


Assuming the deposited volume of the alluvial cone as about 15000 cu.m., about 83.3% of 


Table-6 TOTAL VOLUME (cu.m.) 


(Between 5-9) 
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Date Above Above Above Above Above Above Above 
—1.0m = Ononan 0.0m 1.0m 1.5m 2.0m 3.0m 
1957 
June 26 3224.5 1634.5 829.5 226.0 99.0 Sigs 
July 23 1270.3 676.05 32187, 51.70 
24 645.25 310.25 47.75 
25 5328.07 3645. 07 1301.44 603. 69 269.89 38.14 
26 1348.75 818. 47 413.47 62.62 
29 5642.77 SOLS 10 1596.02 970.27 554.27 ISSe7 
30 3823 . 48 1545.18 911.68 496.09 104.84 
31 3868.29 1578.54 938.79 514.66 139.86 
Aug. af 3949.1 1640.1 985.60 556.05 1SZ09) 
2 1620.08 995733 579.58 148.33 
6 3966.85 1673.85 1021.85 589.23 139 S23 
7 4001.67 1668.92 1015.17 580.8 141.33 
8 IQ) Pate 1218.02 741.65 Pass Ea) 
g) 2056. 05 1251.87 714.72 179.72 
1, 6797.23 4916.73 2206.36 MSO. th 809.47 219.62 
15 5004.79 2263.54 1407.69 839.79 244.04 
16 5057.16 2309.41 1452.4 877.85 272.6 
20 2146.47 1325.03 757.38 157.88 
Oct. 2 5067.2 22loee 1364.75 785.0 201.0 
Noy. 1 5085.42 2235.92 1380.67 798.8 214.55 
Dec. 6 2193279 1368.39 780.39 189.64 
26 5227.46 2264.71 1404.71 810.21 192377 
1958 
Jane 27 7064.05 5088. 54 22h RS 1391.10 820.35 226.85 
Iie emt 2193 26 1361.51 802.76 219 Sok 
Apr. 1 5069.6 2208.1 1356.35 798.85 220.6 
ys LAVAS) 1434.05 879.8 270.43 
May. 7 6898.61 4950.86 2159.11 1328.11 TS 1o 201.46 
June 4 9077.5 6727.5 4815.0 2109.25 1293.75 748.25 186.75 
July 2 9076.16 6738.66 4882.66 2153.66 1332.46 LMT 200.21 


the flowout volume of the erosion valley was deposited there and 16.7% arrived at sea 


water to supply immediately to the littoral drift. It is estimated that mean volume 3000/49 


=6lcu.m. was supplied daily to the adjacent coast or sea water in suspension, during 49 days 
up to Aug. 15. In Fig. 4, the lost volume 16.7% above described cossesponds to the fine 
part volume smaller than sand of the No. 3 hill soil. The mean eroded volume was 367.3 
cu.m. per day for the total volume 18000 cu.m. during 49 days. 


of sand layer was so violent that the mud volume ratio of the mud flow was 50.9% and 


It is clear that the erosion 


weight ratio was about 81.4% considering the sewage flow 721.6 cu.m. per day without Ty- 
phoon rain. 
Ca) 
ave volume of alluvial cone formed by the mud flow relates approximately to the number 


Development of alluvial cone 
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of days or the number of sewage flow, 
the max. height (h,) of the cone and the 
height of base plane for volume survey 
as indicated in Fig. 6 written by Table 
4, 5 and 6. 

Assuming V, as the deposited volume 
(cu.m.) over the height h meter and ¢ as 
the number of days, and using the value 
of the survey between A-5, 

Vg= 2060. 8h, — 1h) rte ee eee ee Ci.) 
The volume distribution against the height 
will be estimated by the formula (1), 
hence the volume of lower part of the 
cone is very large. The rise of the cone 
summit depends upon the number of days 
in the next formula (in meter unit) 
he=1.5+3.636 £° oF ooeeeeereeee( 2) 


The coefficients of these formulae are 


estimated by the practical survey, and 
Erosion Valley 


MATSUSAKI 


therefore in the case of different conditions 


of flow quantity,velocity and soil properties 
their values will vary correspondingly. 


: Fig. 5 
In this survey, the datum level of the - 


height is the mean water level of Tokyo Bay. 

One outflow of sewage to the alluvial cone is just like one flood, and at first the mud 
flow finds its way into a stream and up to the max. flow, the stream channel is eroded deeply, 
but at the decreasing flow, the stream channel is deposited in rising the water surface to over 
flowfrom its sides. Accordingly a stream bed is rised by the deposit at one outflow and the 
next outflow must find another stream channel. In such way, the cone is risen itself and formed 
uniformely from side to side from the center of flowout. In this case, as described above, 
most part of the flowing out mud deposits on the alluvial cone, and only one part attains to the 
sea. The formed topography is an almost perfect cone and its slope will depend upon the mud 
volume and water quantity of outflow, its intermittence and number of outflow, mean 
diameter and specific gravity of mud and sand, etc.. By this reason, the river in the region 
where it has a severe humid season and arid one alternately will be apt to meander and to form 
somewhat alluvial cone topography. Considering a very long time, the repetition of floods 
will result in the same circumstances. From such consideration, the cobble and larger stones 
will be transformed and deposited to the lower part of an alluvial cone. Therefore, the 
alluvial cone formed by a repetition of concentrated flow will have an almost uniform slope 
which can flow down the sand and mud containing water. Namely on the flatter slope, the 
sand and mud will deposit on the summit of the cone untill they can be transported. Thus 
the slope of the cone will correspond to the upper slope where the mud flow starts and 
therfore it will be able to estimate the state of upper erosive slope from the alluvial cone. 
In this example, the slope of the cone was 8 to 12%, from which a severe erosion on the 


upper valley will be reasonably conjectured. Besides when the flow from the upper valley 
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does not contain any mud and sand, it will erode only the stream bed and fix a deep canal 
in cutting off the cone. Actually the completion of the erosion control on the upper part 
of the drainage area will result in the fixation of the river. 

(b) Erosion of alluvial cone 

Since Aug. 16, the deposition had stopped, and it entered in the period of erosion. In 


this period, the volume of the cone is decreasing gradually as indicated in Fig. 6. 
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Fig. 6 
If it is assumed that the volume of the cone varies proportional Ke) 
to the number of days, 
Wes V,—at coder eee e ee ees ere eeceescesece ( 3 ) 
where a: a coefficient 
V,: volume of the alluvial cone in cu.m. Q 
t: number of days 5 


Taking h (m) as datum plane, from Table 4 
for h= 3.0m: V,=900.6—0. 9468 t 

p= 2. Onn V2 2120, 6 Oa 218it 

pe= Woh Waa sO oes 


h= 1.0m: V,=4151.8—2.7076t O eg nce R/S 5m 
h= 0.0m: V,=7712.3—5.861 t h 
h=—0.5m: V,=11555.67—8.686 t Fig. 7 


Coefficient varies corresponding to the datum height of the survey as indicated in Fig. 7. 
These formulae show the volumes of the surface erosion on the alluvial cone and for h lower 
than 2.0m they contain the volume of coast erosion along the beach line. 

Assuming the surface slope of the cone is almost constant, the volume, surface area and 


base circumference of the cone can be expressed by the following formulae 
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Table-7 Slope and Radius of Alluvial Cone (Mean values)—(a) 
nn REET EEEEEEn Orn arEEEOEErENT 


Date ee sagt Ss —Olo mm 0.0m +0.5m +1.0m 
ly 23 26 9.16 67.02 10.03 69.35 5.28 62.72 
| | (20.45) 
24 27 8.04 74.94 6.02 66.37 5.44 59.06 
| | Geri ( 9.43) 
25 28 7.26 86.81 8.60 77.04 8.38 70.88 5.01 62.61 
| (11.62) 
26) 29 | | 9.07 71.70 6.62 60.38 
9% | | (11.43) (47.74) 
29 39 | 6.88  O5MtGNR! 6.63 88.77 |. ca86 80.86 7.65 72.93 5.54 61.02 
| | CORD) COT) ( 7.84) 
30 39 || 6.95 86.41 7.18 80.37 7.42 72.61 5.89 61.49 
C 8.80) ( 9.55) (11.18) 
31 34 5.38 89.76 6.17 81.14 8.32 73.03 5.92 62.39 
| | | ( 8.14) (10.36) (10.53) 
Aug. 1| 35 7.68 79.97 9.74 72.39 6.00 62.74 
| C 9.25) (11.59) (10.93) 
21 36 | | 11.32 64.26 8.86 72.20 6.46 62.48 
(11.84) (10.85) 
6| 40 8.51 80.34 9.07 73.86 Teoh 64.20 
| (10.26) (11.08) (11.78) 
7 41 | 8.42 83.02 Rail 75.41 5.95 64.65 
( 9.38) (10.77) 
8] 42 | (easel 78.42 7.86 65.65 
| (13.05) (12.50) 
Oi, 43. | 3.74 96.60 7.03 86.67 8.70 76.52 5.97 69.51 
(12.33) (12.45) 
12| 46 | 7.22 90.42 7.50 84.73 7.58 77.41 5.87 66.24 
| C OP C 9.84) 
15| 49 | 8.67 89.35 8.08 84.31 10.37 17.77 6.32 69.31 
( 9.74) (12.86) ( 9.60) 
16 50 7.25 82.82 10.44 75.06 7.66 66.59 
| ( 9.18) 
20 54 5.74 97.78 5.71 75.86 6.45 66.41 
| (17.94) 


Table-7 Slope and Radius of Alluvial cone (b) 


No. of Heigh x 
Date es eee —0.5m 0.0m +0.5m +1.0m 
i 
Oct. 2 | 97 bee 78.75 7.68 75.86 6.63 67.75 
| | (13.07) 
Nov. 1| 127 | 14.27 95.24 10) 1%, 75.65 9.80 66.54 
CiiN32)) 
| | | 
Dec. 6 | 162 (17.19) (91.49) 
26| 182 4.41 88.21 7.79 83.21 10.95 76 .06 16.22 67.32 
| | (12.34) (25.93) 
Jan. 27} 214 5.08 89.54 7.41 81.93 10.42 75.94 13 455 66.31 
(11.66) 
Wars as ice CAR39)) 75.04 8.33 74.59 18.46 66.40 
(10.06) 
Apr. Li 248 7.18 80.22 11.63 74.19 10.33 67.17 
| € 9.97) 
| 
17 294 3.00 93.39 7.47 78.43 11.45 74.28 18.61 67.00 
May 7 314 | 6.36 108.96 S07 69738 (peat TO 14.02 72.28 38.64 66.30 
| (14.93) 
June 4 342 | 4.85 101.76 4.46 88.34 8.33 79.18 12.42 73.17 26 .87 65.56 
July 2 370 4.02 100.88 4.30. 89.51 8.78 77.08 15.02 71.82 13.47 65.96 


Table-7 Slope and Radius of Alluvial Cone (c) 
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Date ap il seyaant +2.0m =p aon +4.0m +5.0m Remarks 
July 23 E58) 53 .69 6.29 35.46 6.42 19.43 9.13 23012 
(80.38) (24.81) 
24 4.97 AVA BS) 5.93 36.54 7.06 21.94 il e8) TED ea 
(14.85) Period 
25 10.03 55.64 7.04 37.14 8.87 24.61 
(85.52) 
26 alae 49.32 6.56 39.70 1430: 25.08 10.12 14.14 of 
G3e25)) 
29 5.70 53 .98 6.85 41.14 8.14 26.93 WORI5 15853 Erosion 
(17.89) 
30 6.99 54.38 7.82 41.56 91 27.59 8.08 20.17 
(18.35) 
Sil 5.68 54.73 C83 A221 PA 28265 8.58 16.51 
(16.72) 
Aug. 1 526 55.36 7305 45.22 -08 —-29 .35 8.81 16.05 
(11.75) 
2 5.20 55.10 (es AZ 12 6.41 28.34 10.13 15.36 
(17.14) 
6 BAe 56.41 6.51 44.42 7.85 30.68 8.68 16.65 
(19.42) 
i 5.39 56.52 6.75 44.73 7.36 30.68 Pal Ay Ae 
(17.11) 
8 BEoe SY Al 6.65 AMS) ley 8.96 30.86 9.24 18.74 
(24.52) 
9 6.87 59.61 6°96 46.19 VieGore Shs 8.18 18.28 
Gea) (27.02) 
12 6.80 55.85 6.38 46.67 ln 9Se 30241 9.20 17.70 
(23.13) 
15 8.49 58.70 6.88 46 .54 92 33.00 8.09 18.49 
(25.48) (22.69) 
16 6.61 58.44 1AS 46.74 8.88 32.87 9.20 19.31 
(i265) 
20 6.70 56.63 6.83 47 .34 8.08 34.18 7.09 18.02 
Table-7 Slope and Radius of Alluvial Cone (d) 
Date +1.5m +2.0m +3.0m +4.0m +5.0m Remarks 
Ocea 2 C20 58.52 7.50 46.74 49 32.38 8.92 19.73 
(13.49) 
Nov 1 9.04 58.45 6.65 47.94 EO OMO AE O02 9.79 9 2 At Wiley Ib as : 
(25.39) Period 
Dec. 6 
of 
26 10.12 54.66 6293 ATOR 10D) BGOeeL 9.68 20.46 QI SOm We 5S 
(18.41) : 
Erosion 
Jan. 27 Toll ysl aay) le AALS J BBL} 9.00 20.64 18k57 1180 
(19.97) 
Mar. 1 10.80 61.67 Tle AG88 42 130).68 9.06 20.02 36 n 90 s5 
(44.09) 
Apr. 1 8.24 57.02 U ASE ATzAs- SD BBs) 9.35 20.53 19.80 11.80 
(23 .88) 
17 8.58 56.96 6.98 46.09 OM BAO 9.61 20.16 PASO, INS 
(27.91) 
May 7 9.90 56.90 6.48 46.65 258m 88.12 9.38 20.25 20.74 11.85 
(26.27) 
June 4 10.19 61.06 6.05 45.86 49 32.10 10.60 19.72 42.62 11.86 
(49.47) 
alse WZ 8.43 57.46 6 Sane: 98 “895 82626 9.86 20.59 15.86 12.50 
(20.54) 
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where hh: height of the cone (m), R:a radius of the base (m) 
i=h/R: slope of the cone, 6: central angle (degree) 
V: volume (cu.m.) S : surface area (sq.m.) 


L: length of the base circumference. 


In this cone, 6=123°, so 


77 


% 
25 


20 


S| ope of Alluvial Cone 
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R 
Fig. 10 
VOM SION es see ere ia agentes eee ae (7) 
eee Tag AY eM OE PRR ar aS ere Bi (8) 


Using V over h=+1.5m, 
July” 23, 1957 = h=4.0179 m LO MNORS (RTO) 
Aug. 16, 1957 : k=5.984 m t=0.926 “(7 11") 
July 2, 1958: h=6.050 m == (ie LAG =< (8? 63%) 
The slope in the erosion period is steeper than that in the depositing period. 

Using the values of longitudinal and transversal levels of the alluvial cone, and assuming 
it a perfect cone, the max. slope and the radius at every point and their mean values at each 
height were calculated as given in Table 7. The mean value of the max. slope at each height 
of the section No. 4 is indicated in Fig. 8 and Fig. 9. 

At the points in the tidal range, the surface slopes are from 4.7% to 18.6% and _ their 


mean values have the variations as shown in these figures. Even in the depositing period 


78 


50 


150m 


79 


06 +0,5m 


06 +00m 


-05m 


Rmin 


0 [oo 200 300 Roo? 
Time 


Fig. 13 (a) 


of the cone, the slope near the beach will vary itself in response to wave action. And the 
height of the steep slope part over the max. water level will relate to the wave height. The 
slope of the alluvial cone at the erosion period becomes generally steeper than that at the 
deposition period. The part influenced by wave action has entirely different slope, that is: 
the upper end of the eroded part on the beach becomes steeper just like a cliff and the slope 
in the sea water flatter. When the waves are strong and the amount of flushed mud is 
small, the characteristic slope of the coast will be governed by the wave action. But 
if the wave action is small at the outflow period, the slope of the alluvial cone will 
maintain during the period. These situations are clear shown in Fig. 11 obtained from Table 7. 

If the radius R in the horizontal section of the cone at a given height is constant at any 
direction angle, the erosion of the alluvial cone will not contain the erosion by the coast 
process, but if R in the direction of the two equal division is smaller as Fig. 12 and 
R’=R cos 6/2, the coast line is straight and so the cone topography will be eroded by the 


coast process at all. Accordingly in this case 
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The ratio R,,;,/R of the minimum value R,;, of R to R, approaches nearer to cos 6/2, and 
the erosion will more advance. In our coast, 6=123°, cos 6/2=0.4771588. 

Assuming the radius at the left side facing to the sea as R; and at the right side as R,, 
the ratios Ry;i,/R, and R,; and R,;,/R, will indicate the aegrees of erosion at the left and 
the right side, respectively. 

The results of the survey show in Fig. 13 that it is symmetric and the ratio is almost 1.0 
at the height of 2.0m or more, but on the level lower than +1.5m it is somewhat 
unsymmetric and R,< R, that left side is longer than the right. On the level lower 


than +1.5m, the ratio decreases gradually, so that the coast line is approaching to a 
straight line. 


IV. VOLUME OF LITTORAL DRIFT: 


The volume of littoral drift is considered to be produced by the result of works 
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that due to the wave action at the coast. Shay, Johnson, Caldwell and Saville showed that 
the amount of littoral drift can be expressed by a function of the parallel component to 
longshore of the arriving wave energy, the volume of supply from the drift sources and the 
steepness of the arriving waves. Here in order to clarify the relation between the volume of 
coast erosion and the arriving wave characteristics, the one year data of wind direction 
and wind velocity hourly observed at Yokohama Meteorological Observatory from June 1958, 
are used by selecting the sea winds, mean velocity of which is above 5.0m/sec. Then the 
wave heights, periods and the wave lengths generated by these winds are calculated 
from the diagrams of Moliter and Sverdrup. The formula of wave energy per unit wave 
length and width is 

E= See (a 4,93 7 ) SoS. AecosideD (10) 


and the wave power per unit width is 


E oH,’ Hee 
page a AHi (4.9522) / 
(After Sverdrup and Munk, Rossby 1947). 

where H,: height of off shore wave 


Ly Fielsleree ‘ 
Oe a) 


L, : length of off shore wave 
T : wave period. 


Assuming that these waves propagate in the same as the 


wind direction and neglecting of the wave refraction Fig. 14 
here, the parallel and normal components to the coast line of the arriving wave energy 
per unit length of coast are calculated. In Fig. 14, the parallel component of wave energy 


per unit length of coast is 


sin? p= 5 Sune iia SOU COO SCH AD CD Co J OOMer TOO COUODDUAU BROAD Jaca @) 
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Similarly the normal component is 
E Es 
es Qt +cos 2 = 55 (1—cos 2 £). A Oe SP Ooo NOL. Spon (13) 


The energy and power of waves will develop or continue during the time when the 
waves or the wind appears. So the total energy and work are estimated approximately by 
the products of energy and the power with the duration of wind. The result of these 
calculations are tabulated in Table 8. 

The tendencies of these values during a year are fairly consistent as shown in Fig. 15 
and Fig. 16. 


The distributions of the total energy and work during a year are shown in Fig. 17 and Fig. 18. 
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Table-8-2 Normal Component of Wave Energy and Power to the Coast 
(sea wind only) 


Period ea Energy Total or x Total ‘| Power Total pees Total 
June 26-July 22 25 82.659 82.659 446 .346 446 .346 34.270 34.270 173.423 173.423 
July 23 26 22.135 104.794 72.305 518.651 8.685 42.955 27.370 200.793 
July 24 27 
July 25 28 
July 26-July 28 31 1.247 106.041 1.247 519.898 0.624 43.579 0.624 201.417 
July 29-Aug. 14 48 
Aug. 15 49 1.465 107.506 They ss) GVH p25) 0.690 44.269 4.140 205.557 
Aug. 16-Aug. 19 53 4.680 112.186 6.083 533 .306 2.130 46 .399 2.791 208.348 


Aug. 20-Oct. 1 96 195.656 307.842} 1066.474  1599.780 74.187 120.586 | 370.495 578.843 
Oct.«< 2-Oct.. vel 126 231.528 539.370] 1699.629 3299.409 71.743 192.329} 478.913 1057.756 
Nov. i-Dec. 5 161 293.210 832.580} 1748.943 5048.352 | 100.242 292.571 | 582.641 1640.397 
Decm 6-Decx 25 181 103.228 935.808 540.076 5588.428 36.272 328.843 | 178.813 1819.210 
Dec.. 26-Jan. 26 213 258.884 1194.692 |} 1342.719  6931.147 86.526 415.369 | 428.623 2247.833 
Jan. 27-Feb. 28 246 534.919 1729.611 | 3139.123 10070.270 | 169.299 584.668 | 942.195 3190.028 
Mar. 1-Mar. 31 277 310.595 2040.206 | 1279.624 11349.894 | 102.775 687.443 | 404.438 3594.466 
Apres iI-Apr. 16 293 124.601 2164.807 521.791 11871.685 42.524 729.967 | 159.794 3754.260 
Apr. 17-May 7 314 | 132.741 2297.548 544.713 12416.398 46.448 776.415 | 175.867 3930.127 
May 8-June 3 341 157.264 2454.812 492.207 12909.605 54.909 831.324} 211.842 4141.969 
June 4-June 30 368 74.027 2528 .839 259.085 13168.690 28.773 860.097 95.747 4237.716 
C-1 C2 Cai C-2 


Using these values, the relations between the volume of the alluvial cone in chapter 3 and 


the works are indicated in straight lines as shown in Fig. 19. These values are as follows: 


JAD) V, m V above —0.5m V above 3.0m 
206 13732 cu.m. 18353 cu.m. 1073 cu.m. 
1058 12798 — TS: 
1819 25 7a a 1079 
2248 12267 16636 1052 
3594 12038 — 1032 
3930 11502 — 958 
4141 10993 _— 730 
4238 11439 15480 949 


These relations will be able to express by the following formula 
Vea bP ahora. (14) 
where P is the work done per 1 meter of coast line. 
The coefficient 6 calculated by the least square method using the values of the normal 
component of work P(D,) and volume of cone on the upper table are as follows. 
Pores Ves b=0.59618 
Ve Oro, eo—Onl ale 
Viesa05 b=0.05742 
It seems that the decrease of the cone volume above +3.0m is the result of the erosion 
by winds and rains and it is not proper to express by the wave energy or power. Notwith- 
standing the relation is almost a straight line, because it will be eroded by the winds which 
produce the waves. This idea is certified by surface conditions of the cone and the deposit 


on the summit of the cone by the wind. Therefore the volume of erosion at the part from 
—0.5m to +3.0m is 


This is the total volume along the coast line 170m, so that the volume per 1m of coast 

line is 
V,.= (0.71313 — 0.05742) P/170 =0.003857 P 
At the part from 0.0m to +3.0m, it is 
b= (0.54618 — 0.05742) /170 =0. 48876/170 = 0.002875 

That is to say, the erosion volume at the part from 0.0m to 3.0m was so larger than 

that on the part from. 0.5m to 0.0m, and the ratio is as follows: 
0. 002875/0. 000982 = 2. 9-times. 
Moreover the relation between the cone volume and the parallel components of the wave 


energy and work are 


PC+B,) PC+B,) P(-B,) V 0.0m 
39 LOR == hl 13732 cu.m. 
200 +147 —54 12798 
A491 + 430 - —60 12571 
673 +609 =63 12267 
1077 + 966 == leet! 12038 
1160 + 988 —170 11502 
1179 +916 AOS 10993 
1197 +918 —279 11439 
° a ©: sign on the figure 
b=2.05783 6b=1.99083 b=7.875829 : Coefficient of formula (14) 
1 4o00;— 
o ——* : Relation of Bz(t) and Vao 
a a sea iPocit) 
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The volume of coast erosion will be transported immediately to the same direction of 
wave energy as the littoral drift. But it will be easily considered that the erosion will 
be more decrease, the more straight the coast line is. | In such case the volume of littoral 


drift will depend upon the amount of supply to the coast. 
V. CONCLUSION. 


In this study, the disastrous erosions on the mountain side by the flood of rivers which are 
the supply sources of littoral drift and the accompanied development and erosions of the 
alluvial cone are interpreted by the observation on the erosion of the alluvial cone arised by 
the Typhoon No. 5, June 1957. Moreover the actual relations between the volume of erosion 
at the erosive coast topography and the arriving wave energy and work are verified principally 
in this observation. 

This study has been continued as a part of the cooporative research between the Water 
Works Laboratory and Soil Mechanics Laboratory, Civil Engineering Institute, Defence 
Academy concerning the littoral drift, coast geology and the coast water quality. The 
cooporators of this observation are Assist Prof. Yoshinori Odaira, Lecturer Masanori Naritomi, 
Assist. Masayuki Ikeuchi, Akira Koyama, Yasunao Kobayashi. The vehicles and boats of 
Administration Section, Defence Academy and helicopter of Tateyama Air Corps, 
Maritime Self Defence Force of Japan were utilized for this investigation. The expenditure 
of this study was partly supported by Science Exeperiment Research Fund of the Ministry 
of Education. The author appreciates heartily here to all of them. 
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THE EFFECT AND DAMAGE OF SUBMERGED 
BREAKWATER IN NIIGATA COAST 


Naobumi Shiraishi* 
Atsushi Numata* 
Naoki Hase* 


I. INTRODUCTION 


The beach erosion is a very serious problem in Niigata Coast where the shoreline receeded 
more than 300m during the past fifty years. This tendency was accelerated after the com- 
pletion of flood way of Shinano River which caused the remarkable decrease of sediment 
supply to this coast. The submerged breakwater was constructed for the purpose of protec- 
ting this eroded coast, about 500m offshore from the shoreline. The height of this break- 
waters was decided upon from the following points of view. 

(a) It must have the sufficient height to prevent the incident wave and transmit as small 
portion of wave energy toward the shoreline as allowable. The transmitted wave may cause 
longshore or rip-currents inside the breakwater and prevent depositing of sand near the shoreline. 

(b) It must not be so high that the wave force on the structure is dangerous and the 
scouring on the foot of the structure may be remarkable. After the discussion on these 
points, the crest level of the breakwater was determined near the mean sea level. In this 
paper the effect of breakwater on the wave transmission and on the deposit of sand were 
discussed by means of the results of field observations which were carried on by the Office 


of Shinano River Works, Niigata Prefecture. 


II. EFFECTS OF THE SUBMERGED BREAKWATER ON WAVE 
TRANSMISSION 


The main function of the submerged breakwater is to limit the transmission of wave energy 
into the beach area and to prevent the outflow of sand due to back wash action of sea water. 
Fig. 1 shows the general map of the western coast of Niigata city, lacations of the observation 
stations and the arrangements of groins and submerged breakwaters. The wave was observed 
at the stations in the beach protected by submerged breakwater (say beach A, station I and 
II) and in the open beach (say beach B, station III). Each station is provided with posts 


and track cables for measurement of waves and transportion of measuring apparatuses. The 


Wiig ata city ; 


Fig. 1 Locations for wave observation. 


* Ministry of Transportation. Niigata Harbor Construction Office. 
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Fig. 2 Construction of submerged breakwater by holed concrete brock. 
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Fig. 3 Seaward wave height relationship Fig. 4 Shoreward wave height relationship 
in both protected and open areas. in both protected and open areas. 
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Hé : Wave Hight of /50 sea ward 
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Fig. 5 Comparison of wave stee- 
pness at the protected 
and open areas. 
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Fig. 6(a) Relation between the rate of wave height 


decrease and wave steepness. 
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wave data used in this pater were obtained visual observation made three times a day and 
averaged for five minutes each time. Fig. 2 is a cross-sectional view of the submerged break- 
water constructed in this coast. 

The correlation between the wave heights at 150m seaward from the breakwater (at the 


station I) and that at 300m off the unprotected beach (at the station IID) is plotted in Fig. 
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3. This figure shows that the correlation may be considered as nearly perfect. While the 
wave heights inside the breakwater at the station I are 30-70% of those 150m off the 
unprotected beach at the station III as shown in Fig. 4, the wave profils, ie., the steepness 
of waves observed inside the breakwater are less than 0.03 and they are 10-80% of those 
observed 150m off the unprotected beach (Fig. 5). The critical steepness of waves observed 
in this coast has been given as 0.017 according to the data obtained by the Shinano River 
Work Office. 

The percentage of occurrence of waves steeper than 0.017 was 5.8 for the protected water 
and 68 for the unprotected water. These results may give a favorable answer for wave 
damping efficiency of submerged breakwaters built in this coast. 

Fig. 6 shows the relationship between the steepness of offshore wave and the rate of decrease 
in wave height. For the open beach there seems to be no district relation, while for the 
protected area we can see a tendency that the rate of decrease in wave height rises with the 


steepness of wave. 


Ill. CHANGES OF BOTTOM TOPOGRAPHIES DUE. TO 
SUBMERGED BREAKWATER 


The changes in wave elements mentioned above must affect the bottom topographies near 
the shoreline. It is generally believed that the bottom of a beach keeps a certain profil for 


a certain grain size of sediment under the effect of wave characters. Any change in wave 


elements must cause a change of bottom profile. 
1954.8 
SS LEAD 
SS GE 


Fig. 7 Change of bottom profile 
Fig. 7 shows the comparison of bottom profiles 0.05 


before and after the construction of submerged 


breakwater (the breakwater now in consideration 


was built in 1955). It may be seen from this Ba 
figure that the shore profile in 1956 takes a little 


steeper slope than that in 1954 and that the shoreline 


advanced seaward. Further we can compare the 


nearshore slopes in the protected and open areas 


from the sounding data procured on the same day. 
; ; 0.03 O0g , Cx AY 

The results are shown in Fig. 8, which also shows 

; Photeched Qrea 

that the slope in the protected area is steeper than 

Fig. 8 Comparison of the bottom slopes in 


the others. between open and protected areas. 
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Fig. 11 Relation between the rate of wave height decrese and the bottom slope 


Figs. 9, 10 and 11 show the relationships of bottom slope respectively with steepness, wave 
heights and decreasing rate of wave heights. They were examined for the purpose of 
finding a definite relation between the wave characteristics and the bottom slope of a beach 
shallow than the final breaking depth (that is 5.0-6.0m in this coast). The observed data 
are still not sufficient to give a definite conclusion. It may, however, be conceivable that 
the bottom slope decreases with increase of wave height or steepness. 

In this region the strong wind and violent wave predominate in winter season. Figs. 12 
(a) and 12(b) show the bottom profiles taken in some winter seasons for the open and 
protected areas respectively. The range of the change in bottom elevation inside the submerged 
breakwater is 1.1m in average, while that outside the breakwater and that in the open area 


are much greater. This fact manifests that the submerged breakwater built hear was  suf- 


ficiently effective for the purpose of protecting the beach. 
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Fig. 12 Diagram of the change of water depth. 
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b) Protected area. 


In the open area maximum range of the change in bottom elevation took place at about 
150 m off the shore line and its amount was 3.2m. In the protected area, however, the 
maximum range was observed at about 50m inshore of the breakwater and its amount was 
nearly half of that for the open area. It must be noticed that the location of the maximum 
range in the open area approximately coincides with the final breaker zone where submarine 
ridges always move according to the actions of various waves. 

Table 1 gives the increase (+) and decrease (—) of the volume of bottom sand for some 
areas indicated in Fig. 13. The decreasing tendency inside the breakwater has gradually 


disappeared since 1952 when the breakwater was elongated and recently the increasing ten- 


Table 1 Increase and decrease of bottom sand (m°) 


a ee tye 
its ee 1951 1952 1955 1956 1957, 
2G8 —125000 — 72000 > PASM | — 4592 +71708 
A 2 — 60000 — 30000 — 6831 > oor +69879 
3 — 65000 — 42000 — 19120 — 11949 + 1829 
A 4 — 6000 — 33000 (— 91825) (+170700) 
B 4 + 10000 + 66000 
243 +371000 — 130000 +151046 +344728 
B 2 + 241000 — 94000 +190850 +129680 
3 + 130000 — 36000 — 39804 +215048 
—:Erosion, +: Deposit, ( ):Sum of A and B area. 
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dency is noticed. In the areas A-1 and B-1, there is a remarkable effect of dredged sand 
supplied across the jetty from the river estuary amounting to 500-800 thousand m* per year. 
Such artificially supplied sand seems to affect also the area outside the breakwater. Beside 
that, there must be the influence of subsidence of this district. It complicates the problem 


even further, but any discussion concerning subsidence is beyond the scope of this paper. 
IV. ADVANCE AND RETREAT OF SHORELINE 


The recession of shoreline is the most vivid evidence of beach erosion. Fig. 14 shows the 


rate of recession of shoreline along this coast before and after the construction of submerged 
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Fig. 14 Annual average rate of recession of the shore line. 


Table 2 Variation of the shore line on the western coast 


Area No 1905 to 1947 | 1947 to 1954 | 1954 to 1955 | 1955 to 1956 | 1956 to 1957 Total 
1 —295 +10 —25 —10 +28 —297 
D —320 +25 —35 —10 +33 Diy 
3 —320 +5 ig —5 +33 —302 
M 4 —320 —5 — 5 0 +12 —318 
I 5 —330 0 —15 0 + 6 —339 
ap 6 —280 —20 —20 +15 Big —307 
O 7 —280 —25 —20 +30 —14 E28 
K 8 —290 —30 —15 +40 —15 —310 
Ne 9 —300 ot —30 +30 —9 —329 
oO 10 —270 —25 —25 +45 —25 —300 
11 —250 =76 —15 +30 =18 — 263 
12 —250 =15 —15 +10 =i —284 
13 —220 =10 —25 +10 —15 —260 
14 —210 = 5 25 +10 —24 —254 
H 15 —205 0 —20 +5 —15 — 235 
I 16 —200 —15 —35 +5 0 —245 
va 17 —190 = 75 —15 —5 +3 —212 
O 18 —180 —10 —25 0 — 8 —223 
R 19 —170 —10 —30 —5 —A4 —219 
I 20 —155 —10 —15 —5 — 6 —191 
Y 21 —140 —10 —30 0 —11 —191 
A 22 —125 —10 —35 +5 +12 —153 
M 23 —125 —30 —25 +5 +15 —160 
A 24 —135 —45 —15 +5 — 7% —197 
25 —145 —50 —10 0 —10 —215 
26 —155 —45 —5 —10 2. 9 —224 
27 —135 —45 0 => —10 —205 
28 —110 —50 —5 —20 ay =187 
Me 29 — 90 —40 —5 —20 + 3 —152 
30 — 80 —35 —15 0 —4 —134 
oO 31 —30 —10 +10 —13 — 43 
32 —25 —25 0 lhe = ay 
R 33 =25 —30 +15 —12 — 82 
34 —20 —=2() 5 =) — 45 
I 35 —10 —40 == bs —20 — 65 
36 —20 —25 0 —32 — 77 
I 37 —35 —10 =20 —32 — 97 
38 —25 0 —30 —15 — 70 
39 —15 0 —30 0 — 45 
40 —10 —15 —20 +1 — 44 
41 —15 —15 —25 — 3 58 
42 —15 0 —30 —11 — 56 
43 —25 0 =o) —21 — 66 
44 —30 —10 —15 —16 — 71 
45 —20 +5 —30 = 1 — 45 
46 —10 — 5 —30 +2 — 4 
S 47 —20 —10 9 — 39 
48 —"5 —20 — 5 — 30 
49 +20 —40 = = BR 
E 50 +15 =n +2 18 
51 0 —20 +8 12 
52 +5 —30 +6 — 19 
K 53 +5 —20 — 8 — 23 
54 0 —15 —17 — 32 
55 0 0 15 =) 18 
I 56 +10 0 —13 — 3 
57 +10 —20 — 6 — 16 
58 +15, —20 = — i) 
Y 59 +15 —15 +7 Ti 
60 +20 —25 + 8 3 
61 +25 —20 —11 — 6 
A 62 +20 —25 = 9 — 13 
63 +20 = 35 0 — 15 
64 +20 —40 —16 36 
65 +15 —30 —35 — 50 
66 +15 —15 —25 — 25 
67 +10 —10 —25 — 5 
68 +15 =25 =o = 32 
69 +5 —10 —27 — 32 

note : + : advance of shore line 


— : recede of shore line 
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Table 3 Slumping condition of 


SS ————— 
Vener | Length Crown Height Crown Height (in m.) 
Type of S.B. NO. ay nen 
Const. |(inm.)} OME 1954 1955 1956 1957 
T-shaped 1 1946 aa — +0.81 — 
Hold block 2 1955 | 75.7 = = +0.64 —0.39 a 
T-shaped 3 1947 — _ +0.67 _ 
Hold block 4 1955 | 72.5 = 2 +0.72 —0.54 x 
planed 
T-shaped 5 1949 (-+0.90) — —— +0.28 — 
Hold block 6 1955 | 58 = = +0.72 +0.62 = 
planed = i 
T-shaped t 1949 (+0.50) +0.27 — 
Hold block 8 1953 | 78 ~0.42 = nel 254 45 as 
planed e. nts = 
T-shaped 9 1948 (+0.50) +0.37 
Wire cylinder 10 1950 | 232 0.18 | 13% se Nes a 200) 7 
Rubble-mound 1951 | 12 =0:27 | e ae =n enc Stte) ea 
Hold block i 1955 | (200) eg = +0.54 tO DES Ne C0512) 
(+0.06) 
Hold block 12 1951 | 80 —0.22 —0.70 40.94 ~1.04 ~0.10 
Cellular block 13 1951 | 145 —0.45 =0.66 ~1.25 (1.58) 1.61) 
Hold block 14 1953 | 220 —0.04 0-28 | (0.68) --6—0.88) Ie@—1.¢2) 
(—1.27) 
L-shaped block 15 1953 | 220 =0.78 0.13 —0.38 —0.43 0.61 
L-shaped block 16 1954 | 128 —0.15 = —0.12 —0.23 Sait 
planed =e — 162 x oe 
Hold block 7 1952 | 108 £0.00) 0.86 | clioBy | (-1.91) | (-2.27) 
planed a —1.86 (—2.00) Es 
Hold block 17 1952 | 92 C25 00) 1.60 | Coicmey ll Cet.50) |-<— 2.02) 
Hold block 18 1954 | 112 —0.95 es +0.61 Co (+0.05) 
Hold block 19 1955 | 220 + = +0.55 tees) neo) 
eg kopee ; (+0.32) : 


breakwater. From this figure it is recognized that the point of most remarkable recession 
gradually moves to the west with the progress of coast protection works. The recession of 
beach was surveryed at 69 sections located at 100m intervals along the beach starting from 
the root of the west jetty of Shinano River. Table 2 gives the rate of annual recession at 
each station. Since completion of the breakwater and beach protection works (1955), the 
shoreline in the protected area has been nearly stable. While in the coast extending to the 
west which is still left uncared, the amount of recession increased to as large as 7-16m per 
year. 

Proceeding to further details, in the area of sections 1-6 where the dredged sand has been 
supplied from the river any remarkable deposit of sand has not been observed. The reason 
is presumably due to the slump of the breakwater which amounts to 1.0-2.0 m and resulting 
reduction in the wave damping function. In the areas of sections 7-8 and 14-19 the break- 
water was covered by tetrapods to the height of 0.5m above the sea level in 1957. Table 


2 shows the advance of shoreline in these areas and the erosion in other areas. 
V. SLUMPING OF SUBMERGED BREAKWATER 


The protection works in this coast came into practise after the big coast damage in 1945. 


In the begining of these works some sorts of groins or sumberged breakwater were executed 
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the submerged breakwater 


Sinking Gn m.) 
just after | 1954 to 1955 1955 to 1956 1956 to 1957 Total 
Const. to 1954 iy 
— -= ¥* —1.03 == 
= = * —1.32 c 
_ — 0 10 = 
just after const. to 1956 rin 
+ | = =0.23 
just after const. to 1956 E. 
“¥ a =O 
just after const. to 1956 a 
i as —0.13 
1954 to 1956 
* —1.70 = *(-0.93) . —=2.38 
1954 to 1956 ii he, 
—0.49 = (—0.49) 0.98 
zs a —0.53 (—0.18) —0.66 
* —0.9n —().24 —0.10 —0.06 les 
* —1.11 —0.59 —0.18 (—0.22) S205) 
—0.32 (—0.39) (—0.22) (—0.14) =1.06 (Ove 80) 
* —(0.86 0220 —0.10 =0.18 —1.34 
== =0:2% Wat —0.88 = 26 
= —0.76 (—0.63) (—0.36) Ll 
= —0.26 (—0.22) (—0.52) —0.42 
= —0.34 —0.30 (—0.32) —0.90 
_ = 0.24 (—0.12) —0.36 


in trial in the eastern part of the beach, and after 1952 the submerged breakwater of special 
concrete blocks (holed blocks) was built in a long stretch to the west from the station I]. 
The whole construction of nearly 2.3km length was completed in 1955. 


Though the effect of the submerged breakwater seems to be satisfactory, the body of the 
breakwater itself began to slump into the bed sand. Table 3 shows the progressing rates of 
slump of many sorts of construction which were used for the body of breakwater. From 
this table we may estimate the features of slump for each sort of construction. For example, 
L-type block breakwater which was built in 1953-1954 shows 9.45m as the annual mean 
slump and 0.90m as maximum rate. On the other hand, the special block (holed block) 
breakwater which stretches over a thousand meters show 0.38m as the mean annual slump. 


The amounts of slump mentioned above include the depression by the scattering of block 
under the wave action. 


VI. CONCLUSION 


(1) The height and the steepness of waves transmitted over the submerged breakwater 
are 30-70% and 10-80% of those of incident waves respectively. The frequency of occurrence 
of waves steeper than the critical wave steepness of 0.017, the valu2 of which was o bserved 


in this area, was 6% for the protected area. 


99 

(2) In the protected area, the rate of decrease of wave height increases with the increase 
of steepness of incident waves. 

(3) The bed slope in surf zone becomes steeper with the decrease of height and steepness 
of waves. At the same time the shoreline advances and the range of the change of bed 
elevation decreases. 

(4) After the completion of breakwater, the remarkable recession of shoreline and bed 
erosion disappeared in the protected area. While in the west of this area, the beach ero- 
sion became remarkable. The elevation of breakwater crown shows the visible effect of 
sand deposit in the area protected by it. 

(5) Any kind of construction practised as breakwater in this coast is not free from 
slump. Among them the porous construction with deep pile foundation shows the best 
resistance. 

As mentioned above, the submerged breakwater may be considered as an effective work 
against beach erosion, while its maintenance cost is very high for the inevitable phenomena 


of scouring and slumping. These problems are still left for further researches. 


Fay 


PEPE iw nse, uh tAgionl avin be sucrath Lis le sis >a eras 


9 oes 


saint dvr riyiod Tyger it fife >etgade ante, a 
Jo. depeils set to gear ade bor eo cevin suildeoulys alt os 


fed bas oniisorts to roieewn. aldadeonss a} stewed om moitelqenn oely wih ny 
aus dened 4 es sits So ten ol ai gil sam hab waterng aul ni betesqe noisow’ = 
we jeslaoidiaiy adr ewe mir <iterdoed Yo neitevely aff aided sabes ie 

_ 4 td hegstord fu oll ul % 7 
mopl sea) san aj : Sirs Ai “Payer irae?) - as brentdamag nmol Kt tah te 
ed ods ercile wWitinernd eliq coh ape Guiyuehs eymeg wt srienty aromA | rit 


diow ovis nc o we) lean ehewatowul beserronardiog ona —~ a 
ansaid alineeari «tt yw? pit Yay: ot les Sn estate, ee 


2 etree telel.ad (y iisey 2; stidivncy seal. 


~ 


or 

= a’ : 
ea - i 
_- ae 
bu -< | 

(Ones — a 
ee 7 
a oo 
x iz: > - 

= Sis aa 9 
pPing=, 4 > 
aw. o> ies . - = 

= in et ag 
=) < e 
7S < aa ae Re — 

vw ? = 7 


101 


A STUDY ON BEACH EROSION AT THE SHELTERED BEACHES 
OF KATASE AND KAMAKURA, JAPAN 


Masashi Hom-ma* 
Kiyoshi Horikawa** 
Choule Sonu*** 


I. INTRODUCTION 


This paper presents the results of the investigation on the causes of beach erosion and 
related coastal processes occurring at the beaches of Katase and Kamakura, Japan. These 
beaches are located at the northeast corner of the Sagami bay, partley sheltered from the 
Pacific Ocean. (Fig. 1 and the photographs in the first page) 

The investigation was carried out by the authors under auspices of Kanagawa Prefecture 
in two separate operations, the first one from September, 1956, to February, 1957, and the 
next one from June, 1957, to January, 1958. 

At the onset of the investigation, the authors were greatly harassed by the lack of the 
records explaining the history of the highly publicized erosion at these beaches. As far as 
the progress of erosion was concerned, the only information available was, as invariably 
common to almost any urban coast subjected to erosion, the claim that the rate of erosion 
was likely to have been accelerated in recent years. However, it was doubtful whether it 
tells the true story, or it merely looked that way because the erosion was not clearly visible 
until it began to threaten the coastal establishments recently or because the recent boom of 
beach recreation including construction of a beach drive way had crowded the beach area. 
No reasonably quantitative data were available concerning winds, waves, littoral currents and 
other important factors, except for a brief geomorphological study made by the geologists of 
the Hydrographic Office’”’. 

Accordingly, we were bound to develop our own method of investigation, which consists 
essentially of : (1) exploring whatever library data available on the investigation area from 
various approaches including geography, geology, oceanography and meteorology, (2) intervi- 
ewing the elder inhabitants and local fishermen, and (3) conducting in parallel a series of field 
investigation as to winds, waves, littoral currents and drifts, beach materials in and out of 
the investigation area. The sounding data were provided by R. Komukai of the Japan Hydr- 
ographic Office, who was in charge of bottom deposits and seasonal soundings as parts of the 
entire project of investigation. 

Another difficulty encountered was the fact that the field investigation during the summer 
season was practically impossible because of the swimming crowd on the beaches. Therefore 
our study failed to cover the effects of typhoon storms. 

Neverthless, the results of our investigation seem to have achieved some degree of success 
in exposing the predominant factors which have been contributing to the persisting erosion 
on these beaches, namely crustal action, deterioration of the sources of supply, and artificial 
barriers constructed along the path of sediment transport. They have also shed light on 


the characteristics of a beach process found along a sheltered bay on the Pacific Coast of Japan. 


*Dr. of Engr., Professor University of Tokyo 
** Assistant Professor University of Tokyo 
***M.S. Postgraduate Student, University of Tokyo 
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I, DESCRIPTION OF THE AREA 


1. Shoreline configuration 

Our erosion areas are the beaches of Katase East and Kamakura. They both consist of 
a fairly narrow strip of sand confined at both ends either by promontories or a tombolo. 
The beach of Kamakura is approximately 2km long; located at a deep recess between two 
promontories, Points Inamura and Kotubo, it is partly sheltered from the westerly gales. 
The beach of Katase East is approximately 0.9km long, and here again Point Koyurugi and 
the Katase tombolo mark the ends of the shoreline. The sheltering effect is even better 
here due to the existence of the Enoshima island. 

It is said that our beaches have been retreating as a whole, and that the most severe erosion 
has been occurring at the east end of Katase East and the west end of Kamakura. A general 
regression of shoreline has also been recognized at the Shichiri beach which lies between our 
beaches. On the other hand, it is also said that there has been general accretion of sand 
at the beach of Katase West. Further west, the shoreline is an almost straight sand beach 
extending approximately 10km as far as the Sagami river. It was revealed by our interviews. 
with the local fishermen that there has been a steady regression of the ‘shoreline between 
Katase and the Sagami river mouth. It must be added that in the east of Kamakura the 
shoreline is a succession of small pocket beaches separated from each other by promontories. 

During 1945 to 48, a two-lane beach drive way was constructed along the beaches of Katase,. 
Shichiri and Kamakura, separating the dunes from beach zones completely. 

9. Fetches 

‘Our beaches are located at the northeastern corner of the Sagami bay, with the fetches. 


exposed only toward the west-south quadrant. The length of the westward fetch is limited 
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by the Izu peninsula, and over this fetch approximately 40 km long the strong westerly gales 
prevail during winter. 

Toward south the bay continues to the Pacific Ocean beyond two straits around the Oshima 
island. The effect of Oshima as a fetch limiting factor is not yet to be determined con- 
clusively. However, it is most likely that the swells generated by the migrating cyclones, 
(Fig. 2), or typhoons in the Pacific Ocean (Fig. 3), will arrive at our beaches all but unhin- 
dered. It is important to note that the Sagami bay is frequently hit by typhoon storms 
causing storm surges as well as formidable waves. For instance, it is reported that the 
wave plus surge height sent in by Typhoon Kitty, 1949, reached as high as 6 to 7m above 
the mean sea level at the western part of the bay coast. However, the water in the vicinity 
of our beaches is generally calm for the rest of the year, and frequently gentle waves 
approximately 30cm high break immediately at the shoreline. 

3. Geological background 

The Sagami river has developed a large alluvial delta which is bordered in the south by 
the shoreline extending from the river mouth to the Katase beach and in the north by a bluff 
line running northwest to southeast and ending at Point Koyurugi near Katase. A group 
of sand dunes cover the shoreline regions and the base of the bluff line, and at Katase East 
where these lines meet we find the sand dunes just behind the beach. 

Characteristics of the sand dunes, outlet orientation of tributaries and size distribution of 
beach materials seem to suggest a predominant eastward migration of materials both as eolian 
and littoral processes. One of the geological studies on the characteristics of the sand 
dunes” indicate that they were formed by sand materials blown toward east and _ slightly 


inland. Still today, though the rate must have lessened due to recent development of 
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vegetation works and population increase, we observe a strong eolian movement of dune sand 
toward east during the gale season in winter. Along the shoreline, on the other hand, the 
outlet of the Hikichi gully as well as the Sagami river mouth tends to deviate toward east. 
This fact is interpreted as suggesting that there is a net eastward migration of materials along 
the littoral zone. According to the results of the recent investigation by the Hydrographic 
Office, there is a strong evidence that the average grain size of the beach materials decreases 
progressively toward east. 

These facts undoubtedly combine to show that the Sagami river is the principal source of 
supply to the beaches lying between the river mouth and the Katase area. 

Apparently, the beach of Katase is a part of the delta formed by the Katase gully. How- 
ever, a review on the geological background will cofirm the predominant role of the Sagami 
river as the principal and primary source of supply to these beaches. In fact, the gully is 
too small to erode any appreciable amount of materials from its own watershed and contribute 
it to the adjacent beaches. The gully was merely able to wash and carry the dune sand 
accumulated at the northern bluff line which originates from the beaches adjoining the Sagami 
river mouth. Naturally the sand thus supplied must be considerably fine in size and hence 
liable to erosion when exposed to a rough sea. However, the existence of the Enoshima 


island then took up the sheltering role and helped to form a tombolo by reflecting, diffracting 


and refracting the waves. 
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The general eastward migration of beach materials is unlikely to reach beyond this tombolo. 
It is presumed that the littoral drift is slowed down as it approaches the tombolo area result- 
ing in deposition of sediment on the shallow floor or on the west slope of the tombolo. 
This trend seems to partly explain the steady growth of the beach of Katase West. 

The topography in the east of Katase presents a sharp contrast to that in the west. This 
region is covered with mountainous topographies and the shorelines are separated into small 
segments by cliffed promontories. The tributaries are usually so small that they fail to 
make up a source of any appreciable amount of beach sediment. The shore-to-shore inter- 
change of beach sediment is seriously interrupted by promontories. They are fringed by 
wave-cut bluffs at the outer ends and subside into submerged rocky terraces down to the depth 
of appoximately 10m. Not a strip of sand is found at the base of the bluff or on the rocky 
floors adjoining it. It is therefore assumed that the beach of Kamakura is essentially isolated 
from the adjacent beaches as far as the littoral process is concerned. 

At the beach of Kamakura the outlet of the Nameri gully tends to deviate toward east 
during winter and at times the deviation amounts to approximately 150m. However, this 
fact does not seem to suggest an allout eastward migration of beach materials, since the 
grain size decreases toward both ends of the beach and is at its maximum in the vicinity of 
the outlet. 

Consulting the ancient pictures we find that there was once a rich sand beach at Kamakura. 
However, the present beach was formed by the great Kanto earthquake in 1923 which caused 
an elevation of the earth level by as much as 100cm at Kamakura. Prior to the earthquake 
the beach had been severely eroded. This apparent cycle of erosion, elevation and then 
again erosion seems to suggest a theory explaining the origin of this beach which has other- 
wise but scant supply of materials to rely upon. Our assumption is that the beach of 
Kamakura is a shoreward extremity of a submarine canyon which runs in V-notch section 
immediately off the Nameri gully and is harbored between two promontries, Points Inamura 
and Kotsubo, and their adjoining rocky beds. In the geological age the entire region 
subsided to form approximately the present shoreline configuration and to reduce considerably 
the capacity of sediment supply of the Nameri gully. The gully then slowly filled the bottom 
of the valley notch over a long period of time until the sand floor was built up to the 
present beach. The capacity of sediment supply of the gully was so small that the beach 
processes depended principally upon the crustal movement rather than the source of supply. 
When the earth level was elevated there was a beach. But it was steadily and slowly 
eroded due partly to lack of supply and partly to inactive beach process until another crustal 
movement occurred to rejuvenate the dwindling beach. 

The Sagami bay region is famed for active crustal movement. It has the history of 
numerous earthquakes, and even the prehistorical records of active crustal movement are 
observed everywhere along the surrounding topographies as well as on the sea floor. Some 
geologists counted five or six submerged terraces extending from the nearshore floor to the 
extreme edge of the continental shelf.”’” A recent investigation by the Hydrographic Office 
reports that there is a fault line running at the depth of 15m from Kamakura to Katase.*? 
A survey conducted immediately after the great Kanto earthquake revealed a submergence of 
a sea floor amounting to apporoximately 400m at some part of the Sagami bay and an 


elevation of the coastal region as much as 2m. 


II. DISCUSSION ON THE CAUSES OF EROSION 


1. Crustal movement 

The existences of the fissured blocks and cofused faults in the surrounding mountainous 
areas and of the terraces along the river banks and coastal region show the frequent occurrence 
of the crustal movements in this area. The great Kanto earthquake in 1923 is believed to 
have its epicenter at the mouth of the Sakawa river situated at the North-West coast of the 


Sagami bay, and caused the land elevation of 80 to 100cm in the area of our investigation. 
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Fig. 6 Crustal movement after great Kanto earthquake in the investigation area. 


The variations of earth level at Katase and Kamakura area since the occurrence of the 
great Kanto earthquake have been surveyed by the Geographical survey in Japan as shown 
in Fig. 6. The total amount of subsidence during the period of 7 years between 1947 and 
1954 is about 10 to 12cm, hence the annual rate of subsidence being 14 to 17mm. The 
total amount of subsidence until 1954 is approximately 10% of the elevation caused by the 
great Kanto earthquake. However, it is quite difficult to evaluate the role of this subsidence 
on the regression of shoreline on the basis of the results mentioned above, because of the 
lack of detailed information on the recent regression of the shoreline. 

According to the statements made by elder inhabitants in this area, the beaches along 
Katase and Kamakura, which were quite poor prior to the great Kanto earthquake, were form- 
ed as a result of the earth elevation. The beaches along the Sagami bay were commonly 
constructed by the same cause, and thereafter the regression of the shoreline has also com- 
monly progressed there. The geomorphological interpretation of these beach processes is 
as follows. As observed in the tectronic terraces of rivers, the activities of natural forces 
were rejuvenated as a result of the earth elevation, therefore the beach, the width of which 
was wide enough, would be gradually eroded to a narrow beach. The nearshore sand would 
be transported to offshore and deposited there untill the bottom profile is reestablished 
corresponding to the characteristics of bottom materials, waves, and topographical conditions. 
Owing to the fact that the earth level in this area had changed upward and downward alt- 
ernatively in the geological ages, the present beach erosion could also be recognized asa stage 
of erosion cycle. The crustal movements used to accompany the great earthquakes, whose 
frequency and magnitudes are shown in Fig. 7. Some of the great earthquakes which 


attacked this area have been dropped from the above data, because of the lack of the clear 
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Fig. 7 Great earthquake frequency in th survey area. 
M: Richter Gutenberg’s scale. 
statement in the records through which the magnitude of the earthquakes could be evaluated. 
It would be awfully difficult and dangerous to determine the period of occurrence of the great 
earthquakes, but the 70-year cycle stressed by some elder inhabitants seem to be well-founded 
especially in the last few centuries. 

2. Devastation of the source of supply 

As stated in the previous chapter, the Sagami river is assumed to be one of the main 
sources of supply to the beaches facing the Sagami bay. The river had supplied a tremendous 
volume of materials to the coast as a result of collapse of the mountain area until two dams, 
namely Yose and Tsukui dams, were constructed in 1940’s at the upstream sites of the river. 
Recently the amount of materials moving down to the coast has been greatly reduced due to 
the flood control by dams, water supply to Tokyo and Yokohama Cities and also the increas- 
ing amount of sand and gravel produced from the river bed to meet the increasing demand 
for construction materials. 

The amount of water drained away from the Sagami river in 1954 reached more than 20% 
of the ordinary discharge of the river, 4,000,000 m’, or little less than twice of that in 1951. 
This rate of 20% will be stepped up to 25% after completion of a new plan for water supply 
by 1961. 

The volume of sand and gravel dug out from the Sagami river and its tributaries, the 
Doshi and Nakatsu rivers, has tended to increase sharply; 40,000,000m* per year in 1952, 
and then 120,000,000 m* per year in 1956. But, as they are official figures, the actual 
amount should be more than 200,000,000m* in 1956. 

The exact volume of transported materials by the Sagami river is quite difficult to predict 
at the present state, however in considering the volume of only 500,000,000 m’ of loose ma- 
terial stored in the valleys of Nakatsu and Doshi rivers, it would be easy to recognize the 
enormity of 120,000,000 m* dug out in 1956 from the bed of the Sagami river. 

In consequence of the fact stated above, the actual depression of the river bed which 
appeared in many places along the river shows that the amount dug out must be much more 
than that of supply. 

The capacity of sand supply from the Katase gully is negligible, and the materials therefrom 


contain a fairly large percentage of fine sand which may not be able to remain nearshore. 
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In conclusion, the Katase gully can not be an important source of materials to this investiga- 
tion area. The severe erosion at the beach of Chigasaki, located at the east side of the 
Sagami river, is also attributed to the deteorioration of source materials at the Sagami river. 

3. Interference by artificial barriers 

First of all a highway constructed recently along the coasts of Katase and Kamakura should 
be mentioned as one of the artificial barriers. The highway runs along the seaside slope 
of the coastal sand dunes and bordered on the shoreside by the revetment. Therefore the 
beach width was apparently narrowed by the barrier, and also the waves at the rough weather 
send swashes against the revetment accelerating the scouring along the foot of structures. 
Besides the incident waves to the Kamakura bay are used to reflect completely from the 
revetment at westside of the Kamakura bay, and the reflected waves tend to concentrate on 
the part of the west side beach of the Nameri gully inducing a strong eastward current. 
Therefore the shore materials tend to move eastward along the eastern part of the beach. 

The mouth of the Katase gully would often flow into the Katase East beach, but now it is 
completely fixed to the Katase West beach due partly to the land barrier constructed in 1949 
by banking the northside of the tombolo behind the Enoshima, and partly to a jetty at 
eastside of the Katase gully. Thereafter the Katase East beach has been isolated in view of 
the supply of beach materials, because the eastward sand drift by marine as well as aeolian 
agents from the West beach was stopped by the above barriers. 

4. Effect of storms 

The storm waves erode and the ordinary waves build up the beaches; that is our common 
knowledge on the beach processes. As stated in the previous chapter, the storms caused by 
typhoons or cyclones hit this area fairly frequently, while the ordinary waves are considerably 
calm because this area is sheltered from local winds by an island and peninsulas. The 
shortage of moderate waves, which are mostly credited for active building of beaches, would 
delay recovery of the shoreline once badly hit by extraordinary waves. These characteristics 


of natural conditions may be counted as the secondary reason for beach erosion in this area. 


IV. MOVEMENT OF COASTAL SEDIMENT 


1. Methods and equipments of field investigation 

The field investigation consisted largely of sediment sampling, longshope current measure- 
ment, and simultaneous observation of waves and tides in the same area. 

(a) Sediment sampling 

Three different samplers were used, classified as A-1, A-2, and B, which were nearly the 
same as that used at Tomakomai by H. Fukushima and H. Mizoguchi”. 

Sampler A-1 (Fig. 8 (a)) consists of a total 20 mesh-walled pipes, each 15cm long and 
1.8cm in diameter. They are screwed into a steel frame, five pipes in each of the four 
directions and on five different echelons. | The mesh opening is 0.075 mm in diameter. Sam- 
pler A-1 is tied to a concrete block to add weight and sink in waters of different depths 
while carefully adjusting its orientation by a compass held on a boat. The quantity of 
sediment arrested by sampler A-1 would tell the relative rate of the movement of suspended 
sediment with respect to the directions and heights above the sea floor. The heights of the 
open ends of the pipes on the lowest and highest echelons are 18cm and 58 cm respectively. 

Sampler A-2 consists of four mesh-walled pipes attached in four directions to a rectangular 


concrete block (Fig. 8 (b)). The structure of the trapping pipe is similar to that of sampler 
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Ca) Cb) 
Sampler A-1 Sampler A-2 Sampler B 
Fig. 8 


A-1 except for the length, 20cm. This has been designed to be used for arresting sediment 
in the surf zone where the sediment movement is expected to be far more active than outside 
the surf zone. 

The open ends of the installed pipes were slightly directed upward to ensure that the arre- 
sted sediment may not be washed away and lost by disturbance caused either by waves or 
in the course of recovering operation. 

Sampler B is a bamboo pole equipped with a rectangular opening 5 by 1 cm at every other 
joint (Fig. 8(c)). The intact joints would add buoyancy to the pole to keep it upright in 
water against wave action. This device is capable of arresting suspended sediment in diffe- 
rential levels beyond approximately 50cm above the sea floor up to the surface. 

Each run of sediment sampling operation consisted of 3 or 4 equally spaced lines either 
for sampler A-1 and A-2, or for B, named “Survey Line”, drawn in the north-south direc- 
tion. A survey line contained 4 or 5 samplers of the same type placed in 1m-depth inter- 
vals. Sampler A-1 was recovered in about a day or two; sampler A-2 in about a day or 
less; sampler B in about a week. Three runs of sampling were performed both in the 
Katase East beach and the Kamakura beach. 

(b) Longshore current measurement 

To measure the longshore current accurately, which fluctuates considerably in time and space, 
the highly required functions of instruments are reliability as well as sensitivity and durability. 

The means actually accepted consisted of a propeller type current meter, a wooden cross with 
a concrete block as weight (Fig. 9 (a)), a float made of a rubber ball (Fig. 9 (b)), and 
dye material such as potassium permanganate. The effective measurement could not be 
conducted with a propeller type current meter because of the difficulty of fixing the meter 
in the surf zone. The wooden cross, which had a great advantage of measuring the velocity 
in an arbitrary depth layer by a simple adjustment, could not be used in the rough seas 
owing to the difficulty of throwing it into the desired offshore depth. 

Therefore a float consisting of a volley-ball attached with a tiny concrete block as a weight 
was used for measuring the surface current velocity, and the potassium permanganate was 
used to measure the middle layer current velocity. Both methods were quite effective for 
the present purpose, even though they had some disadvantages. 

In order to measure the velocity at the bottom, a volley-ball was used as a float after filling 


it with sea water. However, minor configuration at the bottom such as ripple marks affected 
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the movement of the float when the 
velocity was small. During rough 
weather, waves uplifted the float as far 
as the sea surface. Such were the 
main difficulties encountered during 
measurement. 

Originally the transits were operated 
to follow the float, but afterwards an 
observer was assigned to each float to 
perform a simultaneous observation 
along the entire shoreline. 

(c) Observation of waves 

The wave heights and periods were 
measured by reading the positions of 
the crest and trough of the wave train 
on the scaled staff installed in the 
water of known depth. The staff for 


the offshore waves is a thick bamboo 


pole anchored by concrete blocks to 
the depth of 8tol0m. _ The staff for 


the nearshore waves is a long wooden 


Cb) 
Fig. 9 Floats used for longshore current 


A. measurements. 
pole rigidly attached to a concrete block 


and placed in the depth of 1.5m, approximately. The observation was made continuously 
for about 10 min. of the heights and corresponding periods simultaneously at the offshore and 
nearshore zones. ‘The staffs were placed where the effect of refraction seemed least probable. 

Every effort to determine the exact directions of wave orthogonals proved a failure, but careful 
observation seemed to show that most waves enter the basins from the south, and that waves 
break parallel to the shorelines. 

After completing the schedule of the field observation, a pressure type wave recorder was 
installed in the basin of the Katase East beach at the depth of about 10m. But, unfor- 
tunately, the data are not yet available for analysis. 

(d) Miscellaneous observations 

In parallel to the above observations, an extensive study has been conducted with respect to 
the minute characteristics of foreshore topographies such as beach cusps, foreshore slopes, 
changes of the tributary outlets, and the distribution of grain size on the foreshore. 

2. Weather and wave conditions 

The available data concerning the wind condition in this area are those obtained at Suka 
at the estuary of the Sagami river. Fig. 10 shows monthly averages of the occurrance of wind 
directions expressed in percent of the entire number observed, where “N” denotes the land 
wind from the N, NEN and NWN directions and “S” the sea wind from S, SES, and SWS. 
The predominance of the southerly wind during three months from June through August is 
presumably indicative of the influence of the typhoons which passed over the China Sea and 
northwest Pacific during this season. The data failed to include the maximum wind velo- 
cities caused by a typhoon, and as a result a hindcast of characteristic waves due to typhoons 


is impossible. 
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Fig. 19 Monthly average of predominant wind direction at Suka. (1950~1954) 


Fig. 11 Frequency diagram of wind velocity larger than 5 m/sec at Oshima Observatory. 


In order to supplement the above data, the wind records obtained at the Oshima observatory 
in the period of 1953 to 1954 were analyzed. Part of the results is shown in Fig. 11. The 
remarkable fact is that the southerly winds predominate for about 3 months per year; most 
notable is the SW winds which predominate for 2 months a year. 

According to the study by S. Unoki”, the prevailing winds are due primarily to cyclones 
in the Japan Sea, and secondly to the cyclones in the Pacific Ocean. Both migrate in the 


direction of northwest. The effect of a typhoon can not be ignored, since it generates the 


highest possible waves in this region. 


Since the investigation area is sheltered by an island and two peninsulas, the ordinary 
waves are as low as 50cm, and the wave periods are around 9 sec. The predominant wave 
direction is likely to be from south, but local winds and bottom topographies may complicate 
the incident patterns of the shallow water waves. 

The wave data obtained during our investigation represent the ordinary characteristics which 
prevail in this area except for the typhoon season. The wave heights range from 20 to 50 
cm, occasionally reaching 70cm; the periods from 5 to 10sec; and the wave steepness is 
0.005 on the average. 

In order to examine the distribution of breaker heights along the shoreline the refraction 
diagrams have been constructed by utilizing the sea charts and the results of the recent 
survey by the Hydrographic Office. The wave was assumed to arrive from SW, S, SWS, 
and WSW, with the periods 6, 8, and 10 sec. _ Some of the results are shown in Figs. 12 
and 13. 


SWS T=10.00 


T=!10.00 


SWS 


Fig. 12 Refraction diagram at Katase east beach. Fig. 13 Refraction diagram at Kamakura beach. 
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Fig. 14 Breaker height distribution and resulting Fig. 15 Breaker-height distribution and resulting 
littoral currents by refraction diagram, littoral current by refraction diagram, 
Katase. Kamakura. 
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Figs. 14 and 15 present part of the calculated breaker heights along both beaches. Generally 
speaking, the agreement between the predicted and observed values is good. However, the 
effects of diffraction around the reefs of the Enoshima island or of the reflection from the | 
westside revetment at the Kamakura beach should be superposed on the above result in order 
to get more reliable prediction. 

The effects of varying breaker heights along the shoreline are important. The higher 
breakers may cause stronger disturbance or scouring of the bottom sediment in the surf zone; 
larger amount of sand is thus set in suspension and subjected to transportation by littoral 
currents. Different rate of mass transport by breakers may cause differences in water level 
inside the surf zone, result in littoral currents due to surface gradient and transport the sand 
away from where the breakers are higher. 

3. Longshore currents 

The currents were measured by using floats and potassium permanganate at the water depth 
of 1 to 2m just outside the breaker zone and in the surf zone. At the same time the 
breaker heights were measured along the shoreline. 

The characteristics of the longshore currents observed are summarized as follows : 

1. The locations where a strong longshore current occurred did not always coincide with 
the positions of higher breakers. The above result permits the following assumptions : 1) 
The incident waves are noticeably refracted owing to the topographic features of the basins 
of Kamakura and Katase East, as shown in the refraction diagram (Figs. 12 and13). Hence 
the orthogonals cross the bottom contours almost at right angles at the breaking point. 2) 
The longshore current is caused mainly by the gradient of the water level in the surf zone 
owing to varied distribution of refraction coefficients. 

2. The direction of the bottom current was not always the same as that of the surface and 
middle layer currents. It tends to deviate toward offshore. 

3. The current direction outside the breaker zone was found fairly stable, while in the 
surf zone it fluctuated violently influenced by irregular swashes. Most intensive fluctuation 
occurred when the current velocity was below 5cm/sec, but they decreased as the velocity 
increased. 

4. Generally speaking, the greater the wave heights, the greater the current velocities. 

5. Under the similar wave conditions the pattern of the longshore current changed de- 
pending on tidal conditions. 

6. The rip current occurred as a pulsating outflow of turbid water mass; on one occasion 
two or three zones of turbid water were observed to spread into the offshore water at Ka- 
makura. 

7. A current directed offshore occurred frequently in the vicinity of the mouth of the 
Nameri gully. This was apparently not a rip current fed by longshore currents, but a secon- 
dary current induced by the existence of fresh water contributed from the gully. 

8. The current directed offshore was decelerated with distance from the shoreline. 

Most of the current measurement were conducted in the calm wave conditions. The ob- 
served deep-water wave heights were less than 1m; the width of the surf zone was often 
very narrow; and the sea water was comparatively clear. Therefore, the velocities measured 
were mostly below 1 knot. 


However, on December 19, 1957, the south-westerly wind of over 10 m/sec swept over the 
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Sagami bay area, generating waves of 1.5 to 2.0m high in the deep water. At this time 
the current velocity attained 1 knot. On another occasion, July, 1958, the current velocity 
amounted to about 2 knots owing to the rough sea caused by the Typhoon No. 11, the wave 
height being between 2.0 and 2.5m at breaking. 

The current direction was mainly dependent upon the incident wave characteristics, but 
when the wave height was not so large, two currents flowing toward opposite directions 
induced a stagnation zone. The longshore current observed on December 19, 1957, was directed 
almost uniformly toward east, coinciding with the directions of winds and waves. After 
the Typhoon No. 11 passed away in July, 1958, the longshore current was directed westward 
without any influence of winds, although the swells broke perpendicularly to the shoreline. 

Lack of data and inadequacies of instruments prevent us from giving any further remarks 
on the general pattern of longshore currents along these beaches. Accordingly, the following 
summaries are based merely on the data obtained. 

Kamakura beach 

The westward current predominates in front of the Nameri gully owing to the prevailing 
southwesterly winds in the period of June to January. During this period the mouth of the 
Nameri gully is shifted by about 150m eastward. On the other hand, the westward current 
is predominant when the large swells approach perpendicularly to the shoreline and at the 
same time the current directed offshore occurrs at the west end of the beach. 

Katase East beach 

When the southwesterly winds blow, the current is directed east in the whole area, but 
the current directed offshore or westward takes place at the east end of the beach. The 
latter must be generated by higher water level in that zone. 

When low swells approach here, the current is observed mainly in the east half of the 
beach. When large swells arrive here, the westward current predominates in the whole 
area. 

The eastward or westward current was observed at flood or ebb tide, respectively, as far as 
the wave heights were small. However, when large waves occurred, the current direction 
was not influenced by tide levels any longer. 

4 Sediment movement 

Sampling operations were impossible at rough weather conditions. Therefore the following 


results only represent the characteristics of 


the ordinary weather conditions. 


(a) Horizontal movement of suspended 


sediment 


An examination of samples obtained by 


sampler A-1 in all depths has revealed a 


definite relationship between the relative quan- 


tities of sediment arrested in the traps and 


their heights from the sea floor. Denoting 


the height of the trap from the sea floor by 
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the quantity of sediment by m, and that of 


Fig. 16 Vertical distribution of suspended 
the lowest echelon (18cm) by ™,, we obtain eee -cictisair helekt, for 


(Fig. 16) : sampler A-1. 
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where a and 6 are presumably the constants depending upon wave characteristics, depths of 
samplers, grain sizes, specific gravities and fall velocities of suspended sediment. Deter- 
mining the values of a and b from figures, the result is, 

for the Katase East beach : 


oe mM, 


for the Kamakura beach : 


“<0 ) 

It is questionable, however, whether the lowest samples consist purely of suspended sedi- 
ment or include a portion of the disturbed bed-load due to possible settlement of the samp- 
ling frame. Neverthless, the relationships show a similar pattern of sediment distribution 
for each sampler, regardless of the depth and direction. Accordingly, the samples on the 
lowest echelon may be considered as representing the relative quantity of suspended sediment 
in the corresponding directions. It should also be noted that the values of a and 6 are only 
related to ordinary weather conditions. 


Figs. 17 and 18 show the examples of the distribution of the samples on the lowest echelon, 
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Fig. 17 Horizontal distribution of suspended movement for samplers A-1 
and A-2, Katase East. 
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Fig. 18 Horizontal distribution of suspended movement for samplers A-1 
and A-2, Kamakura. 
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m, obtained in unit sampling. Figs. 17 (a) and 18 (a) show the net quantities in each trap, 
and Figs. 17 (b) and 18 (b) the resultant quantities and_ their corresponding directions. 
Investigating the above results, it will be recognized that the predominant direction of 
sediment movement is perpendicular to the shoreline, that is, onshore and offshore directions. 
(b) Vertical distribution of suspended sediment 
Figs. 19 and 20 show the vertical 
distribution of suspended sediment 


measured by sampler B continuously 


over a period of about a week. It 
should be noted that the manner of 
distribution differs depending on their 
depths. The distribution in the depths 
greater than 4m and less than 2m are 
essentially the same. This can be 


explained by the fact that in the breaker 


zone, usually 2m deep at ordinary wave 
conditions, the breaking waves cause a Fig. 19 Vertical distribution of suspended sediment 
uniform disturbance of water through- for sampler B, Katase East. 

out the entire depth from surface to 
the bottom, while in water as deep 
as 4m or more, the disturbance by or 


dinary gentle waves is only capable 


of keeping a small amount of fine 


sediment particles in suspension. 

The median diametres of sediment 
particles obtained in the surf zone, 
accodingly, scatter closely around 150 


uv, while the average grain size in depths 


greater than 4m is 70 yz. 

The distribution of sediment in the Fig. 20 Vertical distrilution of suspended sediment 
intermediate depths, from 2 to 4m, is for sampler B, Kamakura, 
in general similar to that of the river sediment. In the very shallow water, normally less 
than 1m, no definte rule was found to apply to the pattern of distribution. 

The data also show that the sand movement is especially active in the central portion of 
the beach of Katase East side, and in the vicinity of the Nameri outlet at the Kamakura 
beach. 

5. Characteristics of foreshore deposits 

(a) Foreshore slopes 

Figs. 21 and 22 show the foreshore slopes along the beaches of Kamakura and Katase East. 
The fluctuation of foreshore slope is small at both ends of the Kamakura beach and near 
the tombolo at the Katase East beach. At these places the beach slopes are gentle because 
of little supply of materals, and are subjected to small waves. 

The fluctuation of slope is large at the places of large slope, namely, the middle part of 
the Kamakura beach and the east half of the Katase East beach. These places are also 


characterized by coarseness of the beach materials, which include shell fragments. This 
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Fig. 21 Foreshore slope, Kamakura beach. 
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Fig. 22 Foreshore slope, Katase East beach. 


tendency is distinguished in the vicinity of the outlet of the Katase gully. The foreshore 
slopes seem to have a close relation with the grain sizes, but they are primarily influenced 
by the intensity of waves. 

(b) Beach cusp 

At the middle part of the Kamakura beach the well-developed beach cusps are found fre- 
quently, but they are obscure in other locations. Fig. 23 shows the distribution of the beach 
cusps along the Kamakura beach. Generally speaking, a large wave seems to produce a large 
cusp. <A large cusp constructed by extraordinary waves remains near the berm crest for a 
long time. The interspace, or pitch, is mostly uniform, but sometimes irregular due probably 
to local difference of wave intensities. The maximum beach cusp ever observed had a pitch 
of 30m. Although some believe that the beach cusps are made only by waves approaching 
perpendicularly to the shoreline, remarkable cusps were observed even under the condition of 
wind waves which approached the shoreline from irregular directions. At any rate the active 
sorting beach deposits along the perpendicular direction to the shoreline seems to be the main 


reason for the formation of beach cusps. 
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Fig. 23 Variation of beach cusp along Kamakura beach. 


(c) Distribution of sediment size 

The distribution of gravel was investigated along the north coast of the Sagami bay. 
Analysis was conducted by Mr. Aramaki on the assumption that quartz diorite and pyroxene 
andesite are representative rocks of the Sagami river and the Sakawa river, respectively. 


The result is shown in Fig. 24, where the plot gives the relative volume of a maximum 
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Fig. 24 Variation of volume ratios for each material along the northern 
coast of Sagami bay. 
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size found at each station in percent of that sampled at the mouth of the Sakawa river. 
According to this result the size of the gravels decreases smoothly with distance from the 
Sakawa river as far as Pt. Teruga-saki at Oiso, where it falls abruptly. Beyond the Katase 


gully no such gravel was found. The curves are roughly expressed by the following equation, 


where Q, is the volume found at the Sakawa river and Q at a distance of Lkm from the 
Sakawa river. 
The above relation is analogous to the Sternberg’s equation for river gravels, provided that 


the slope of curves is obviously steeper than that for the rivers. 
V. CONCLUSIONS AND RECOMMENDATIONS 


The main conclusions reoched as a result of this study are : 

1. The regression of shoreline is in progress over the entire length of the north coast of 
the Sagami bay. 

2. The earth level along the north coast of the Sagami bay was heaved by 1 to 2m _ by 
the great Kanto earthquake in 1923, but the ensuing subsidence has reached about 1.2m, i.e. 
about 10% of the total elevation, during the last 35 years. Therefore it seems inappropriate 
to attribute the beach erosion directly to the crustal movement. It is conceivable that the 
activities of the natural forces were rejuvenated as a result of the earth elevation. But this 
assumption does not account for the fact that the beach erosion progressed rapidly for the 
past several years, 

3. The both beaches of Kamakura and Katase East are isolated from the adjacent area and 
do not have any source of beach materials. Hence, the mechanics of sand movement within 
the both basins are explained as follows; the sand eroded from the shore moves not to the 
adjacent area by the alongshore forces but mainly toward offshore and deposits there or 
dissipates around there. The beach of Kamakura seems to be isolated as a result of its 
geographical features, and the sand drifting along the shore or flowing out from the Nameri 
gully tends to fill the ancient underwater valley of this river. The Katase East beach seems 
to be completely separated from the Katase West beach due to artificial barriers, such as an 
embankment and a jetty constructed in the last decade. Therefore, the eastward side of this 
beach, near the Koyurugi promontory, is now in the worst condition since it is the remotest 
place from the Katase West beach. According to an ancient drawing showing this area, the - 


Koyurugi promontory, marking the east end of the Katase East beach now, was once an 
island with a low tombolo behind it. 


4. The main source of shore materials to the north coast of the Sagami bay is the Sagami 
river, which is estimated to have been supplying about 10,000,000 m* of sediment. But the 
rate of supply to the beach decreased rapidly in recent years, because of the following 
reasons; 1) construction of dams for controlling flood discharge, and or developing the 
hydraulic power plants, and 2) tremendous increase of the volume of sand and gravel dug 
out from the bed of the river, amounting to 100,000,000 to 200,000,000 m? annually. The 
relation between the regression of the shoreline at the Katase East beach and the shortage of 
sand supply from the Sagami river cannot be established unless an allout investigation is 


conducted concerning the sediment movement along the beach between the Sagami river and 
the Katase beach. 
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5. The coastal sand dunes and narrow beach zones are separated by a drive way. Such 
situation of the drive way is apt to give the impression that the beach width has been 
shortened after the drive way was constructed. The storm waves send swashes against the 
revetment of the drive way, scouring and washing away the beach materials. This negative 
function of the revetment may have probably accelerated the regression of the shoreline. 
However, the quantitative data accounting for such influence are not available. 

6. The velocity of longshore current along the Kamakura and Katase East shores is gen- 
erally very small, exceeding 1 knot only on rare occations. At the Katase East beach the 
westward current seems to predominate between the middle and the east end of the beach 
when the waves are relatively high. At the Kamakura beach the longshore current seems 
to predominate in the eastward direction at the mouth of the Nameri gully and in the west- 
ward direction along the west part of this beach. Owing to the low velocity of the low 
velocity of the longshore current, the capability to transport the shore materials along the 
shoreline will be quite small. The longshore current has the same directions both in the 
surface and the bottom layers. Unfortunately the data concerning the longshore current 
induced by a rough sea are not available. A weak offshore-directed current occurred at the 
Koyurugi promontory, Katase East beach, and in the middle part of the Kamakura beach. 

7. The movement of sediment is primarily directed toward onshore and offshore. There- 
fore the beach sand will be transported toward offshore by big waves, and returned onshore 
by gentle waves, alternately. At some parts of the beaches in the investigation area, the 
alongshore movement of beach sand is also observed mainly in the surf zone. Along the 
Katase East beach, the beach sand moves westward weakly at the middle region and toward 
offshore at the east end of the beach. Along the Kamakura beach, the beach sand moves 
eastward in the vicinity of the mouth of the Nameri gully and extends to the location where 
the rip current is recognized. But the capability of the rip current to transport the beach 
materials is quite doubtful. 

Reviewing the results of our investigations, the causes of the beach erosion in this area 
seem to be related to various factors, notably alienation from the source of supply. In order 
to improve the analysis of the beach processes along the Sagami bay, it is recommended to 
continue the synthetic observations consisting of; 1) recording the wave and wind condition, 
2) surveying the onshore and offshore profiles, 3) sampling the beach and bottom sand, and 
4) collecting the data concerning the source of beach materials from the Sagami river and 
other tributaries. 

In view of increasing demand for the health resorts along the coast, the strategic positions 
of the beaches of Katase and Kamakura are ideal because of the short distance from the 
Tokyo area. Especially the Katase beaches and the Enoshima island have taken flood-light 
recently as the site of a yacht harbor. 

In this respect, it is recommended to carry on the artificial nourishment and at the same 
time construct a breakwater extending from the Enoshima east side in order to make a calm 


basin for yachts and the beach. 
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ANNOUNCEMENT 


Dear Sirs: 

Since 1954 the Committee on Coastal Engineering, the Japan Society of Civil Engi- 
neers, has been holding annual conferences on various key problems of coastal engineer- 
ing. The results of numerous laboratory studies and field investigations thus accumu- 
lated, so far amounting to more than 150 articles, have been published in 7 consecutive 
volumes of “Proceedings of Coastal Engineering Conference in Japan” in Japanese 
language. In the mean time we have been convinced of a strong need to promote 
interchange of knowledge and experiences among the concerned engineers the world 
over. To meet this requirement we have established a plan to publish a series of English 
edition containing selected reports from the Japanese language Proceedings. 

Three issues of the English edition, “COASTAL ENGINEERING IN JAPAN” Vols. 
1, 2, and 3, each published in 1958, 1959, and 1960, respectively, are already on sale, 
and the subsequent issues will also be published periodically once a year. 

Please survey the tables of contents shown below and mail your order to the Japan 
Society of Civil Engineers, 1-chome, Yotsuya, Shinjuku-ku, Tokyo, Japan. Any inquiry 


will be received at the same address. 


Sincerely yours, 

Dernearts [Lown 
Masashi Hom-ma, Dr. Engg. 

Chairman 

Committee on Coastal Engineering, Japan 
Japan Society of Civil Engineers 
l-chome, Yotsuya Shinjuku-ku, Tokyo 
Japan 
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